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LIGHT UNFLAVORED MESONS
(S=C=B=0)

For | =1 (m, b, p, a): ud, (uU—dE)/\/g du;
forI=0(n,7n, h H w o f, ) c(ut+ dd) + c(s3)

e 1C(UPy=17(07)

Mass m = 139.57018 4 0.00035 MeV (S = 1.2)
Mean life 7 = (2.6033 4+ 0.0005) x 10785 (S =1.2)
cr = 7.8045 m

— £y~ form factors [2]

Fy = 0.017 =+ 0.008

Fa = 0.0115 + 0.0005 (S =1.2)
_ +0.

R = 0.059+0-909

xE

7~ modes are charge conjugates of the modes below.

For decay limits to particles which are not established, see the appropriate
Search sections (Massive Neutrino Peak Search Test, A0 (axion), and
Other Light Boson (XO) Searches, etc.).

p
=+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
ntuy, [b] (99.9877040.00004) % 30

pt v,y [c] (200 4025 )x107% 30
et v, [b] (1230 +0.004 )x 10~4 70

et vy [c] (161 4023 )x10~' 70
ety n0 ( 1.036 £0.006 ) x 108 4
etv,ete (32 405 )x1079 70
et v T < 5 x 1076 90% 70

Lepton Family number (LF) or Lepton number (L) violating modes
ut o, L [d] < 1.5 x 1073 90% 30
W v, LF  [d < 80 x 1073 90% 30
- etety LF < 16 x 1070 00% 30
70 16(UPC =170~ 1)

Mass m = 134.9766 4 0.0006 MeV (S = 1.1)

m_. —m_o = 4.5936 = 0.0005 MeV

Mean life 7 = (8.4 = 0.6) x 107" s (S = 3.0)
cr = 25.1 nm
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For decay limits to particles which are not established, see the appropriate
Search sections (A0 (axion) and Other Light Boson (XO) Searches, etc.).

Scale factor/ p
70 DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
2y (98.798+0.032) % S=1.1 67
ete ( 1.198-+0.032) % S=1.1 67
~ positronium (1.82 +0.29 ) x 1079 67
etete e~ ( 3.14 +£0.30 ) x 1075 67
ete™ ( 6.46 +0.33 ) x 10~8 67
4~y < 2 x 1078 CL=90% 67
VU [e] < 2.7 x 107 CL=90% 67
VeVe < 17 x 106 CL=90% 67
VT, < 16 x 1070 CL=90% 67
v U, < 21 x 1076 CL=90% 67
NUT < 6 x 10~% CL=90% 67

Charge conjugation (C) or Lepton Family number (LF) violating modes
3y C < 3.1 x 1078 CL=90% 67
ute” LF < 38 x 10710CL=00% 26
p- et LF < 34 x 1079 CL=90% 26
pte  + p et LF < 172 x 108 CL=90% 26

n /G(JPC):0+(O_+)

Mass m = 547.853 + 0.024 MeV [f]
Full width T = 1.30 & 0.07 keV [&]

C-nonconserving decay parameters
7t~ 70 Left-right asymmetry = (0.09 & 0.17) x 1072

7t 7~ 70  Sextant asymmetry = (0.18 + 0.16) x 1072
at7~ 7%  Quadrant asymmetry = (—0.17 + 0.17) x 1072
atr~~  Left-right asymmetry = (0.9 & 0.4) x 1072
ntr~y (B (D-wave) = —0.02 + 0.07 (S = 1.3)

Dalitz plot parameter
07970 o = —0.031 4+ 0.004
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Scale factor/ p
n DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Neutral modes
neutral modes (71.91+0.34) % S=1.2 -
2y l[g] (39.31+0.20) % S=1.1 274
370 (32.56+0.23) % S=1.1 179
702~ (44 £15 )x 1074 $=2.0 257
7070~y < 12 x 103 CL=90% 238
4y < 28 x 1074  CL=90% 274
invisible < 6 x 1074 CL=90% -
Charged modes
charged modes (28.06+0.34) % S=1.2 -
at o~ 70 (22.7340.28) % S=12 174
Tty ( 4.6040.16) % S=2.1 236
ete vy (6.8 £0.8 )x 103 S=1.7 274
ut Ty (3.1 +£04 )x 104 253
ete” < 77 x107%  CL=90% 274
ut (58 +0.8 )x1070 253
ete eTe < 6.9 x 1075 CL=90% 274
Tt et e (42 £12 )x 1074 235
Tt 2y < 20 x 1073 236
ata= a0y <5 x 1074 CL=90% 174
mOutpy < 3 x 1076 CL=90% 210
Charge conjugation (C), Parity (P),
Charge conjugation x Parity (CP), or
Lepton Family number (LF) violating modes
70y C <9 x 1075 CL=90% 257
T~ P,CP < 13 x107°  CL=90% 236
7070 P,CP < 35 x 1074 CL=90% 238
7070~ c < 5 x10~4  CL=90% 238
707070+ c < 6 %1075 CL=90% 179
3y C < 16 x 1072  CL=90% 274
470 P,CP < 6.9 x10=7  CL=90% 40
nVete c [h] < 4 x 1075  CL=90% 257
70t C (W< 5 %1076 CL=90% 210
pte” + p et LF < 6 x 1076 CL=90% 264
f6(600) [/ /G(JPC) _ 0+(0 + —f—)
oro
Mass m = (400-1200) MeV
Full width T = (600-1000) MeV
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fo(600) DECAY MODES Fraction (I;/T) p (MeV/c)

T dominant -

vy seen -
p(770) Ul 16(PC =1t =)

Mass m = 775.49 4 0.34 MeV
Full width ' = 149.4 + 1.0 MeV
ee = 7.04 £+ 0.06 keV

Scale factor/ p
p(770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T ~ 100 % 363
(770)% d

p ecays
¥y ( 45 +0.5 ) x 10~4 5=2.2 375
sy < 6 x 1073 CL=84% 153
rErt =0 < 20 x 1073 CL=84% 254

p(770)° decays
Tty ( 9.9 +16 ) x 10~3 362
70 ( 6.0 £0.8 ) x 10~4 376
ny ( 3.00+0.21 ) x 10~4 194
7970~ ( 45 4058 ) x 1075 363
ut ™ [k] ( 4.55-+0.28 ) x 1079 373
et e~ [k] ( 4.7140.05 ) x 1075 388
ata— 70 ( 1017532 +0.34) x 1074 323
Tt~ ( 1.8 +£0.9 ) x 1079 251
at 7070 < 4 x 1075 CL=90% 257

w(782) 16UPCy =0—(1— )

Mass m = 782.65 &+ 0.12 MeV (S = 1.9)
Full width I = 8.49 & 0.08 MeV
Mo = 0.60 + 0.02 keV
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Scale factor/ p
w(782) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
ata— 70 (89.2 +0.7 ) % 327
70 ( 8.9240.24) % S=1.1 380
- 0.11
ntm (1531573) % S=1.2 366
neutrals (excludingﬂov) (15 fzzg ) x 10~3 -
N7y (46 +0.4 )x 104 S=11 200
et e~ (7.7 £0.9 ) x 10~4 S=1.1 380
aOut (9.6 £2.3 ) x 107> 349
ete ( 7.16+0.12) x 10~5 S=1.1 301
ata= 7070 < 2 % CL=90% 262
Ty < 36 x 1073 CL=95% 366
Tt < 1 x 1073 CL=90% 256
7970~ (67 +£1.1 )x 1075 367
nmly < 33 x 1075 CL=90% 162
ut ™ (9.0 £3.1 )x107° 377
3y < 1.9 x10~%  CL=95% 301
Charge conjugation (C) violating modes
nw0 c <1 x10=3  CL=90% 162
370 c < 3 x10~4  CL=90% 330
7'(958) 16(UPC) =0t~

Mass m = 957.66 4+ 0.24 MeV
Full width ' = 0.205 + 0.015 MeV (S = 1.2)
¢ C-violating decay parameter = 0.015 4+ 0.018
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Scale factor/ p
7/ (958) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
L (44.6 +1.4 )% S=1.2 232
pow(including non-resonant (29.4 +£0.9 )% S=1.1 165
t T )
7970 (207 +£1.2 )% S=1.2 238
Wy ( 3.02+0.31) % 159
vy ( 2.10+£0.12) % S=1.2 479
370 ( 1.5440.26) x 103 430
wt Ty ( 1.0340.26) x 10~4 467
ata— 70 < 5 % CL=90% 427
70 p0 < 4 % CL=90% 110
atata~n~ <1 % CL=90% 372
7t a7~ r 7 neutrals < 1 % CL=95% -
atata— a0 <1 % CL=90% 208
o < 1 % CL=90% 211
rtrete” < 6 x 1073 CL=90% 458
veTe™ < 9 x 1074  CL=90% 479
70y < 8 x 1074 CL=90% 469
470 < 5 x10~4  CL=90% 379
ete < 21 x10~7  CL=90% 479
invisible < 14 x 1073 CL=90% -
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
R P.CP < 2.9 x 1073 CL=90% 458
7070 P,CP <9 x 1074 CL=90% 459
mOete~ c [h] < 1.4 %1073 CL=90% 469
nete~ C [ < 2.4 x 1073 CL=90% 322
3y C < 1.0 x 1074  CL=90% 479
pt w0 C  [H< 60 x 1075 CL=90% 445
wt Ty C [A] < 15 x 107  CL=90% 273
e LF < 47 x 1074  CL=90% 473
fo(980) U 16(FPC) =0t )

Mass m = 980 4+ 10 MeV
Full width ' = 40 to 100 MeV
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fo(980) DECAY MODES Fraction (I;/T) p (MeV/c)

T dominant 471

KK seen i

Yy seen 490
ag(980) [/ 16UPC) =170 )

Mass m = 984.7 £ 1.2 MeV (S = 1.5)
Full width ' = 50 to 100 MeV

ap(980) DECAY MODES Fraction (I;/T) p (MeV/c)

nmw_ dominant 322

KK seen i

vy seen 492
$(1020) 1CUPG =01~ )

Mass m = 1019.455 &+ 0.020 MeV (S = 1.1)
Full width T = 4.26 & 0.04 MeV (S = 1.4)

Scale factor/ p
¢(1020) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kt K~ (492 +06 )% S=1.2 127
KO kS (3.0 +05 )% S=1.1 110
pr + wta=x0 (15.25 £0.35 ) % S=1.1 -
Ny ( 1.30440.025) % S=1.1 363
70 ( 1.26 £0.06 ) x 10~3 501

ete (297 £0.04 )x10~4 s=11 510

ut (2.86 +0.19 ) x 104 499
nete” (1.15 +£0.10 ) x 104 363
nta~ (73 +£13 )x105 490
w0 (52 T13 yx105 171
wry < 5 % CL=84% 209
Py < 12 x 1072 CL=90% 215
Tty (41 +13 )x107° 490
f5(980)~ (322 £0.19 ) x 1074 S=1.1 39
7970~ ( 1.07 +0.06 ) x 10~4 492
atr—atn— (39 T28 )x1076 410
atata— a0 < 46 x 1076 CL=90% 342
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et e~ (112 £0.28 ) x 1072 501
w0n~y (83 £05 )x107> 346
ap(980)~ (76 +06 )x107° 34
17’ (958) (623 £0.21 ) x 1072 60
nn0n0xy < 2 x 1075 CL=90% 203
wt Ty (1.4 +05 )x107° 499
P < 5 x 10~% CL=90% 215
nrta~ < 18 x 105 CL=90% 288
T < 94 x 1070 CL=090% 321
hy(1170) 16JPCY =0~ + )

Mass m = 1170 £+ 20 MeV
Full width ' = 360 + 40 MeV

h1(1170) DECAY MODES Fraction (I;/T) p (MeV/c)
pT seen 307
b;(1235) 16UPC) =1t + )

Mass m = 1229.5 + 3.2 MeV (S = 1.6)
Full width T = 142 + 9 MeV (S = 1.2)

b (1235) DECAY MODES Fraction (I;/T) Confidence level (MepV/c)
W dominant 348
[D/S amplitude ratio = 0.277 £+ 0.027]
¥y ( 1.6+0.4) x 103 607
np seen i
atata—x0 < 50 % 84% 535
(KK)* 70 < 8 % 90% 248
Ke KOt < % 90% 235
KL KO rt < % 90% 235
o < 15 % 84% 147
a1 (1260) [ 1I6UPG =1—at )

Mass m = 1230 + 40 MeV (7]
Full width I = 250 to 600 MeV
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a1 (1260) DECAY MODES Fraction (I;/T) p (MeV/c)
(PT)s—wave seen 353
(pW)D—Wave seen 353
(p(1450)7 )5 —wave seen T
(p(1450) ) p—wave seen T
oT seen -
fo(980)7r not seen 189
fo(l370)7‘(’ seen 1
f2(1270)7'(' seen 1
K?*(892)—|— c.C. seen +
Y seen 608
£(1270) 16JPCy =0t 2t+1)

Mass m = 1275.1 + 1.2 MeV (S =1.1)
Full width I = 185.0 732 MeV (S = 1.5)

Scale factor/

p

f5(1270) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
T (84.8 T35 )% S=1.2 623
ata— 270 (71 f%:g ) % S=1.3 562
KK (4.6 £0.4 )% S=27 403
2t 27~ (2.8 £0.4 )% S=1.2 559
nn (40 £0.8 )x 103 S=2.1 326
470 (3.0 £1.0 ) x 10~3 564
vy ( 1.41+0.13) x 107° 638
nwmw < 8 x 1073 CL=95% 477
KOK—nt + cc. < 34 x 1073 CL=95% 203
ete” < 6 x 10710 CcL=90% 638
f1(1285) 16(UPC)y = ot + )

Mass m = 1281.8 + 0.6 MeV (S = 1.6)
Full width T = 24.3 = 1.1 MeV (S = 1.4)
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f,(1285) DECAY MODES

Scale factor/ p
Fraction (I';/T) Confidence level (MeV/c)

47 (33117 23y % S=13 568
mOn0nt 22.0% 15y % 5=1.3 566
2rt 2w~ (1ot 80y % 5=1.3 563

POt n— (1ot 97y % S=13 336
popo seen T

470 < 7 x 1074 CL=00% 568

nmwT (52 £16 )% 482
a0(980) 7 [ignoring ag(980) — (36 + 7 )% 234

KK]
nmm [excluding ap(980) 7] (16 £7 )% 482

KKm (9.0+ 04)% S=1.1 308
KK*(892) not seen T

v p0 ( 55+ 1.3)% S=238 406

oy ( 7.4+ 2.6) x10~4 236
n(1295) 16(JPC =0t~ )

Mass m = 1294 + 4 MeV (S = 1.6)
Full width ' = 55 £ 5 MeV

n(1295) DECAY MODES Fraction (I;/T) p (MeV/c)
777T+ T seen 487
ap(980) 7 seen 244
7771'0 7TO seen 490

77(7T7T)S—Wave

seen -

7(1300)

/G(JPC) — 1—(0— ‘|—)

Mass m = 1300 + 100 MeV [
Full width ' = 200 to 600 MeV
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w(1300) DECAY MODES Fraction (I;/T) p (MeV/c)

pm seen 404

T (77)s-wave seen -
a>(1320) 1I6UPC = 1—2+ 1)

Mass m = 1318.3 + 0.6 MeV (S = 1.2)
Full width I = 107 & 5 MeV (1]

Scale factor/ p

a5(1320) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
3 (70.1 £2.7 )% S=1.2 624
nm (145 +£1.2 )% 535
W (10.6 £3.2 )% S=1.3 366
KK (49 £0.8 )% 437
n'(958) (53 +0.9 )x1073 288
¥y ( 2.68+0.31) x 103 652
vy (9.4 £0.7 ) x 1070 659
et e < 6 x 1079 CL=90% 659
fo(1370) [ 16(JPCYy =0T+ 1)

Mass m = 1200 to 1500 MeV
Full width ' = 200 to 500 MeV

fo(1370) DECAY MODES Fraction (I;/T) p (MeV/c)
i seen 672
A7 seen 617
470 seen 617
2rton— seen 612
atr— 270 seen 615
pp dominant i
2(77)s-wave seen -
7T(1300)7T seen i
a1(1260) 7 seen 35
nmn seen 411
KK seen 475
KKnm not seen T
o6m not seen 508

HTTP://PDG.LBL.GOV Page 11 Created: 7/18/2008 14:28



Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

ww not seen 1
Yy seen 685
et e not seen 685

1 (1400) [ 6P =17~

Mass m = 1351 + 30 MeV (S = 2.0)
Full width I = 313 £ 40 MeV

m1(1400) DECAY MODES Fraction (I;/T) p (MeV/c)

777T0 seen 555

nm seen 554
n(1405) [7! 16(JPCY =0t (0~ )

Mass m = 1409.8 + 2.5 MeV ["l (S = 2.2)
Full width T = 51.1 &+ 3.4 MeV [l (S = 2.0)

p
n(1405) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
KK seen 425
nmw seen 563
30(980) ™ seen 342
n(77)s-wave seen -
fo (980) n seen T
4m seen 639
pp <58 % 99.85% t
K*(892) K seen 125
f1(1420) [d] 1I6(UPC =0ttt

Mass m = 1426.4 + 0.9 MeV (S =1.1)
Full width ' = 54.9 £+ 2.6 MeV
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f(1420) DECAY MODES Fraction (I;/T) p (MeV/c)
KV?T_ dominant 438
K K*(892)+ c.c. dominant 163
nmw possibly seen 573
oy seen 349
w(1420) I 1I6UPGY =0~ )
Mass m (1400-1450) MeV
Full width I (180—250) MeV
w(1420) DECAY MODES Fraction (I';/T) p (MeV/c)
pT dominant 486
WwTmT seen 444
b1(1235)7T seen 125
ete™ seen 710
ag(1450) [/ 6P =17 )
Mass m = 1474 + 19 MeV
Full width ' = 265 + 13 MeV
30(1450) DECAY MODES Fraction (I';/T) p (MeV/c)
™ seen 627
W?i(958) seen 411
KK seen 547
W seen 484
p(1450) [ 16JPCY =171~ )

HTTP://PDG.LBL.GOV
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p(1450) DECAY MODES Fraction (I;/T) p (MeV/c)
i seen 720
47 seen 669
ete™ seen 732
np possibly seen 310
32(1320)7 not seen 55
KK not seen 541
KW*(892)—}— c.c. possibly seen 229
n-y possibly seen 630
n(1475) I»! 16UPG =0t~ 1)

Mass m = 1476 + 4 MeV (S = 1.3)
Full width ' =85 £ 9 MeV (S = 1.5)

n(1475) DECAY MODES Fraction (I;/T) p (MeV/c)

KK?T dominant 477

K K*(892)+ c.c. seen 245
80(980)71' seen 393

Yy seen 738
fo(1500) L] 16(UPCy =0t (0t )

Mass m = 1505 + 6 MeV (S = 1.3)
Full width ' = 109 £ 7 MeV
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fo(1500) DECAY MODES Fraction (I;/T) Scale factor (MSV/C)
T (34.9+2.3) % 1.2 741
= seen 740
270 seen 741
47 (49.5+3.3) % 1.2 691
470 seen 691
2t 27~ seen 687
nn ( 5.1+0.9) % 1.4 516
nn'(958) ( 1.940.8) % 1.7 t
KK ( 8.6£1.0) % 1.1 568
Yy not seen 753
£(1525) 16(UPC)y = ot 2+ )

Mass m = 1525 + 5 MeV [7]
Full width I = 7378 Mev [l

f’2(1525) DECAY MODES Fraction (I';/T) p (MeV/c)

KK (88.7 +£2.2 )% 581

nn (10.4 +22 )% 530

s (82 +1.5 ) x 1073 750

vy ( 1.11+0.14) x 10~ 763
m1(1600) [°] 1I6UPG =11~ )

Mass m = 1662713 MeV (S = 1.2)
Full width I = 234 +£ 50 MeV (S = 1.7)

71(1600) DECAY MODES Fraction (I;/T) p (MeV/c)
T not seen 803
,0071'_ not seen 641
H(1270) 7~ not seen 319
b1(1235) 7 seen 357
77,(958)7_ seen 544
f1(1285)7T seen 315
12(1645) 16(PC) =0t2— )

Mass m = 1617 + 5 MeV
Full width ' = 181 + 11 MeV
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1(1645) DECAY MODES Fraction (I;/T) p (MeV/c)

32ﬂ.320)ﬂ seen 242

KK seen 580
K*K seen 404
+ —

nmtw seen 685

=00 (980) ™ seen 496

f2(1270)77 not seen T

w(1650) [t 16(PCY =0-1~ )

Mass m = 1670 £+ 30 MeV
Full width ' = 315 + 35 MeV

w(1650) DECAY MODES Fraction (I;/T) p (MeV/c)

pT seen 646

WTTT seen 617

wn seen 500

ete™ seen 835
w3(1670) 16JPCY =0=3— )

Mass m = 1667 4+ 4 MeV
Full width I = 168 & 10 MeV [

w3(1670) DECAY MODES Fraction (I;/T) p (MeV/c)
pT seen 645
wmTm seen 615
b1(1235) 7 possibly seen 361
m5(1670) 16UPC =1—2— )

Mass m = 1672.4 + 3.2 MeV [l (S = 1.4)
Full width T = 259 + 9 MeV [l (S = 1.3)
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7(1670) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

37 (95.8+1.4) % 809
H(1270)7 (56.3+3.2) % 329
p (31 +4 )% 648
om (10.94+3.4) % -
(77)s-wave (8.7+3.4)% -

K K*(892)+ c.c. (42+1.4)% 455

wp (27+1.1)% 304

Yy < 2.8 x 1077 90% 836

p(1450) < 36 x 103 97.7% 148

by(1235)7 < 1.9 x 103 97.7% 366
f1(1285)71' possibly seen 323
a5(1320) 7 not seen 292

#(1680) 16UPCY =0—1— )
Mass m = 1680 + 20 MeV [
Full width T = 150 + 50 MeV (]

¢(1680) DECAY MODES Fraction (I;/T) p (MeV/c)

K?*(892)—|— Cc.C. dominant 462

K% Kr seen 621

K? seen 6380

ete™ seen 840

WTT not seen 623

p3(1690) 6P =1t(3 )

Mass m = 1688.8 4 2.1 MeV (7]

Full width I = 161 & 10 MeV [
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p3(1690) DECAY MODES Fraction (I;/T) Scale factor (MSV/C)
47 (711 + 1.9 )% 790
atata—x0 (67 +22 )% 787
W (16 +6 )% 655
T (236 + 1.3 )% 834
KKm (38 +12)% 629
KK ( 1.58+ 0.26) % 1.2 685
7]7T+ T seen 727
p(770)n seen 520
TP seen 633
Excluding 2p and a5(1320)7.
ay(1320) 7 seen 307
pp seen 334
p(1700) [ 16JPCYy =171~ )

Mass m = 1720 + 20 MeV ["l (5% and 7 7~ modes)
Full width T = 250 + 100 MeV [l (0 and 7t 7~ modes)

p(1700) DECAY MODES Fraction (I';/T) p (MeV/c)
2(7T+ ) large 803
pTT dominant 653
,00 o~ large 650
pi T 7'('0 large 652
81(1260)71' seen 404
h1(1170)7'(' seen 447
7(1300) 7 seen 349
pp seen 372
ta~ seen 849
T seen 849
KW*(892)+ c.C. seen 496
np seen 545
32(1320)7( not seen 334
KK seen 704
ete” seen 860
7'('0w seen 674
fo(1710) [ 16(UPCy =0t 0+ )

Mass m = 1724 £ 7 MeV (S = 1.5)
1.

Full width I = 137 + 8 MeV (S = 1.1)
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fo(1710) DECAY MODES Fraction (I;/T) p (MeV/c)

KK seen 707

nmn seen 666

T seen 852

ww seen 362
7(1800) 16UPCY =10~ )

Mass m = 1816 + 14 MeV (S = 2.3)
Full width ' = 208 + 12 MeV

«(1800) DECAY MODES Fraction (I';/T) p (MeV/c)
L b seen 881
f0(600)71'_ seen -
5(980) 7~ seen 634
fo(1370) 7~ seen 371
fo(1500) 7~ not seen 254
pT not seen 735
nnmTo seen 664
a0(980)77 seen 473
82(1320)77 not seen 1
f2(1270)71' not seen 445
fo(1300) 7 not seen -
fo(1500) 7~ seen 254
nn'(958) 7~ seen 380
K5(1430) K~ seen f
K*(892) K~ not seen 573
¢3(1850) 16(PCY =0=37 )

Mass m = 1854 + 7 MeV
Full width T = 87135 MeV (S = 1.2)

¢3(1850) DECAY MODES Fraction (I;/T) p (MeV/c)

KK seen 785

K K*(892)+ c.c. seen 602
m2(1880) 16UPC =1—2— )

Mass m = 1895 + 16 MeV
Full width ' = 235 4+ 34 MeV

HTTP://PDG.LBL.GOV Page 19 Created: 7/18/2008 14:28



Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

£(1950) 16(JPCy =0Tt 1)

Mass m = 1944 + 12 MeV (S = 1.5)
Full width ' = 472 £+ 18 MeV

f5(1950) DECAY MODES Fraction (I';/T) p (MeV/c)
K*(892)W*(892) seen 387
tn~ seen 962
4 seen 925
nn_ seen 803
KK seen 837
Yy seen 972
£,(2010) 16(UPC)y = ot 2+ )

Mass m = 2011f28 MeV
Full width ' = 202 + 60 MeV

f5(2010) DECAY MODES Fraction (I;/T) p (MeV/c)

ooy seen t

KK seen 876
a4(2040) 16UPCY = 1—(a+ 1)

Mass m = 2001 £+ 10 MeV
Full width ' = 313 + 31 MeV

a4(2040) DECAY MODES Fraction (I';/T) p (MeV/c)

KK seen 870

ata— a0 seen 977
pT seen 844
H(1270)7 seen 583

wn™ w0 seen 822
wp seen 628

777T0 seen 920

n'(958) seen 764
f4(2050) 16(UPC)y =ot@at+ )

Mass m = 2018 4+ 11 MeV (S = 2.1)
Full width T = 237 + 18 MeV (S = 1.9)
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f4(2050) DECAY MODES Fraction (I;/T) p (MeV/c)
ww seen 637
T (17.04+1.5) % 1000
KK (6.8732)x 1073 880
nn (2.140.8) x 1073 848
470 < 12 % 964
a,(1320) 7 seen 567
£(2300) 16(UPC)y = ot 2+ )

Mass m = 2297 + 28 MeV
Full width ' = 149 + 40 MeV

f>(2300) DECAY MODES Fraction (I;/T) p (MeV/c)

¢gb_ seen 529

KK seen 1037

Yy seen 1149
£,(2340) 16(JPCy = ot (2+ 1)

Mass m = 2339 £+ 60 MeV
Full width T = 319135 MeV

f>(2340) DECAY MODES Fraction (I;/T) p (MeV/c)
gbgb seen 573
nn seen 1033

STRANGE MESONS
(S==+1,C=B=0)

KT =us, KO =ds, KO =ds, K~ =Ts, similarly for K*'s

K= 1(JP) = 4(07)

Mass m = 493.677 + 0.016 MeV [V (S = 2.8)
Mean life 7 = (1.2380 4 0.0021) x 1078 s (S = 1.9)
cr =3.712 m
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Slope parameter g [*]

(See Particle Listings for quadratic coefficients and alternative
parametrization related to 77 scattering)

K+ - rrrtr— g= —0.21134 + 0.00017

(gr —g-) /(g +g)=(-15+22)x107*
K* - 757970 g =0.626 + 0.007

(gr — &)/ (gy +&)=(1.8+18)x10"*
K* decay form factors [2-]
Assuming p-e universality
A (K ig) = A (K 53) = (2.96 £ 0.06) x 1072
Mo(K13) = (1.96 = 0.12) x 1072
Not assuming p-e universality
A+ (K5) = (2.96 + 0.06) x 1072
A (K ig) = (2.96 £ 0.17) x 1072
)\O(K:3) = (1.96 + 0.13) x 1072
Ke3z form factor quadratic fit
Ay (Kei3) linear coeff. = (2.48 + 0.17) x 1072
)\”+(K;t3) quadratic coeff. = (0.19 & 0.09) x 102
K& |fs/fi] = (-0328%) x 1072
KL |fr/fi] = (-12+23)x 1072
Kty |fs/fi] = (0.2 +0.6) x 1072
Kty |fr/fi] =(-=0.1+£0.7) x 1072
KT — eTvey |Fa+ Fy| =0.148 4 0.010
KT — ptv,y |Fa+ Fy| =0.165 £ 0.013
Kt — ety ‘FA — F\/‘ < 0.49
Kt — utv,y |Fa— Fy| =—0.24t00.04, CL = 90%
Charge Radius
(r) = 0.560 + 0.031 fm

CP violation parameters

A(KY,,) = =002+ 0.12

T violation parameters
Kt — nOuTv, Ppr=(-17+25)x1073
Kt — utv,y  Pp=(-06=+19)x102
KT — n%uTv, Im(¢) = —0.006 & 0.008
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K™ modes are charge conjugates of the modes below.

Scale factor/ p
K+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Leptonic and semileptonic modes
Kt — etu, ( 1.55 +0.07 ) x 10~° 247
KT — uty, (63.54 +0.14 ) % S=13 236
KT — nVetu, ( 5.08 £0.05 )% 5=2.1 228
Called K:3.
Kt — aOuty, (335 £0.04 )% S=1.9 215
Called K:3.
KT — 797%etu, (22 £04 )x107° 206
Kt - ntr ey, (409 +£0.10 ) x 1075 203
Kt — ntn uty, (14 +09 )x107° 151
KT — 707070 et s, < 35 x 1070 CL=90% 135
Hadronic modes
Kt — ztx0 (20.68 +0.13 ) % S=16 205
Kt — ata0x0 ( 1.761+0.022) % S=1.1 133
Kt — ntatga— ( 5.59 +0.04 )% S=15 125
Leptonic and semileptonic modes with photons
Kt — ptu,y [vz] (62 408 )x10~3 236
Kt — ptv,v(SDT) [a,aa] < 3.0 x 1075 CL=90% -
KT — ptv,y(SDTINT) [a,8a] < 2.7 x 107 CL=90% -
Kt — ptv,v(SD™ + [a,aa] < 2.6 x 104 CL=90% -
SD~INT)
KT — ety (SDT) [a,aa] ( 1.52 £0.23 ) x 10~° -
KT — ety (SD™) [a,aa] < 1.6 x 10~4 CL=90% -
KT — n9%etu.y [yz] (2.56 +£0.16 ) x 104 228
Kt — m0etv.~(SD) [a,2a] < 5.3 x 1075 CL=90% 228
KT — n0uTu,y lyz] (15 +04 )x1075 215
Kt — 1970,y < 5 x 1076 CL=090% 206
Hadronic modes with photons or ££ pairs
KT — nta0y [yz] (2.75 £0.15 ) x 104 205
Kt — at70~(DE) [zbb] (43 +0.7 )x1070 205
KT — atax070~ vzl (7.6 T3§ )x1070 133
Kt — atntn [vz] ( 1.04 +0.31 ) x 104 125
Kt — mtyy [z] (1.10 £0.32 ) x10~° 227
Kt — 773y [2] < 1.0 x 10~4 CL=90% 227
KT — ntete (1.19 £0.13 ) x 108 227
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Leptonic modes with £Z pairs

KT — etuvm < 6 x 1073 CL=90% 247
KT — ptu,vo < 6.0 x 1070 CL=90% 236
Kt — ety,ete” (248 +£0.20 ) x 1078 247
Kt — pty,ete” (7.06 £0.31 ) x 10~8 236
KT — etuoptu~ (1.7 405 )x10~8 223
KT — pwho,ptu” < 41 x 10~7 CL=90% 185
Lepton Family number (LF), Lepton number (L), AS = AQ (SQ)
violating modes, or AS = 1 weak neutral current (51) modes
KT — atate v, SQ < 1.2 x 1078 CL=90% 203
Kt — ntatu~p, 5Q < 30 x 1070 CL=95% 151
Kt — ntete™ S1 (2.88 +£0.13 ) x 10~ 227
Kt — ntutu~ S1 (81 +14 )x1078 s=27 172
Kt — ntup s1 (15 T3 )x10710 221
Kt — ata%up S1 < 43 x 1075 CL=90% 205
Kt — p-vetet LF < 20 x 1078 CL=90% 236
Kt — utu, LF  [d] < 4 x 1073 CL=90% 236
Kt — ntute LF < 13 x 10~ 11 CL=90% 214
Kt — ntpu et LF < 5.2 x 1010CL=90% 214
Kt — o= ptet L < 5.0 x 10710CL=00% 214
Kt — 7= etel L < 6.4 x 10710CL=00% 227
KT — o7t pt L [d] < 3.0 x 1079 CL=90% 172
Kt — uto, L [d] < 3.3 x 1073 CL=90% 236
Kt — n0etm, L < 3 x 1073 CL=90% 228
Kt — 1ty [cc] < 2.3 x 1079 CL=90% 227
KO 1(J7) = 3007)

50% Ks, 50% K|
Mass m = 497.614 £+ 0.024 MeV (S = 1.6)

Mean Square Charge Radius
() = —0.077 £ 0.010 fm?

T-violation parameters in K9-K? mixing [X]
Asymmetry A1 in K%-K° mixing = (6.6 + 1.6) x 1073
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CPT-violation parameters [*]
Red = (2.3 +2.7) x 10~*
Im § = (0.4 +£2.1) x 107>
Re(y), K.3 parameter = (0.4 + 2.5) x 1073
Re(x_), Ke3 parameter = (—2.9 4 2.0) x 1073
‘mKo — mWO‘ / Maverage < 8 X 10719, CL = 90% ldd
(rKO - rW(J)/maverage = (8 + 8) x 10718
Tests of AS = AQ
Re(xy), Ke3 parameter = (—0.9 4 3.0) x 1073

KS 1(JP) = 3(07)

Mean life 7 = (0.8953 £ 0.0005) x 1070 s (S =1.1) Assum-
ing CPT

Mean life 7 = (0.8958 4 0.0005) x 10710 s Not assuming CPT
cr = 2.6842 cm  Assuming CPT

CP-violation parameters (<]

Im(174_g) = —0.002 + 0.009
Im(1000) = (—0.1 4 1.6) x 1072

nooo| = |A(KS — 370)/A(KY — 37%)] < 0.018, CL = 90%
CP asymmetry Ainttn-ete” = (-1 +4)%
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p

Kg- DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Hadronic modes
7070 (30.6940.05) % 209
nta~ (69.2040.05) % 206
at a0 (35 Tia)x107 133
Modes with photons or £¢ pairs
Ty [v.ff] ( 1.7940.05) x 10~3 206
rtnete” ( 4.6940.30) x 10~ 206
79y [ff] (4.9 +1.8 )x 1078 231
vy ( 2.71+0.06) x 10~ 249
Semileptonic modes
rteFu, lgg] ( 7.0440.08) x 104 229
CP violating (CP) and AS = 1 weak neutral current (51) modes
370 cP < 12 x 10~7 90% 139
ut ™ S1 < 32 x 10~7 90% 225
ete™ S1 < 1.4 x 10~7 90% 249
et e~ s1 [ (30 t15)x1079 230
O ut S1 (29 T3 )x1079 177
P 10—
K} I(J7) = 3(07)

mKL — mKS
= (0.5292 4 0.0009) x 1010 A s~1 (S =1.2) Assuming CPT
= (3.483 4 0.006) x 1072 MeV  Assuming CPT
= (0.5290 + 0.0015) x 10 A s~! (S =1.1) Not assuming

CPT
Mean life 7 = (5.116 & 0.020) x 1078 s
cr = 1534 m

Slope parameter g [*]
(See Particle Listings for quadratic coefficients)

KO — xta 70 g=0678+0.008 (S=15)
K| decay form factors [x]

Linear parametrization assuming p-e universality
A (KD3) = Ap(K23) = (2.82 £0.04) x 1072 (S = 1.1)
Mo(KD3) = (1.38 £0.18) x 1072 (S =2.2)
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Quadratic parametrization assuming p-e universality
Np(KD3) = N (K23) = (240 £ 0.12) x 1072 (S =1.2)
N (KD3) = N4 (K23) = (020 +£0.05) x 1072 (S = 1.2)
Mo(KD3) = (1.16 £ 0.09) x 1072 (S =12)
Pole parametrization assuming p-e universality
MY, (KD3) = M§, (K23) = 878 £ 6 MeV (S = 1.1)
Mg (KD3) = 1252 £ 90 MeV (S = 2.6)
KO |fs/fr| = (1.57]8) x 1072
K9 |fr/fi|=(5T%) x 1072
Kby |fr/fi] = (12 +12) x 1072
K — (T4, K — (00— . = —0.205 +
0.022 (S =1.8)
KO — v, KO — (e 00~ app = —1.69 £
0.08 (S=17)
K — ntnete™: aj/ap = —0.737 £ 0.014 GeV?

K, — w02 ay = —0.544+012 (S =238)

CP-violation parameters (<]

A; = (0.332 = 0.006)%
Inoo| = (2.222 £ 0.012) x 1073 (S = 1.7)

Ini_| = (2.233 £0.012) x 1073 (S = 1.7)
le| = (2.229 £ 0.012) x 1073 (S =1.7)
In0o/n4—| = 0.9951 £ 0.0008 Ml (S = 1.6)
Re(¢'/e) = (1.65 + 0.26) x 10~3 [hhl (5 = 1.6)
Assuming CPT
¢o_ = (4351 £ 0.05)° (S =1.1)
doo = (43.52 + 0.05)° (S =1.1)
de=bsw = (43.51 + 0.05)° (S =1.1)
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Not assuming CPT
dp_ = (43.4+07)° (S=13)
doo = (43.7 £0.8)° (S=1.2)
be = (435 £ 0.7)° (S =1.3)
CP asymmetry Ain K9 — 777~ eTe™ = (13.7 £ 1.5)%
Bcp from K(Z — eTe ete = —-0.19 + 0.07
vep from K — ete~ete™ =0.01 £0.11 (S =1.6)
jfor K9 — a7~ 7% =0.0012 + 0.0008
ffor K — 77~ =% =0.004 + 0.006
n4—| = (2.35 £ 0.07) x 103
Gy = (44 £ 4)°
€, |/e < 0.3, CL=90%
g1 | for K — atn—v < 0.21, CL = 90%
T-violation parameters
Im(€) in KO3 = —0.007 + 0.026

CPT invariance tests

b00 — <b+_ = (0.2 + 0.4)o

Re(2n._ + Lnoo)—2E = (=3 +35) x 1070
AS = —AQin KY; decay

Re x = —0.002 + 0.006
Im x = 0.0012 £+ 0.0021
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Scale factor/ p
K?_ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic modes
rteFu, [gg] (40.55 +0.12 )% S=1.8 229
Called KY;.
muFu, lgg] (27.04 +0.07 )% S=1.1 216
Called K23.
(7 patom)v ( 1.05 £0.11 ) x 10~/ 188
mOntefuy [gg] (5.20 £0.11 ) x 1075 207
rteFfrete lgg] ( 1.28 +0.04 ) x 1075 229
Hadronic modes, including Charge conjugationxParity Violating (CPV) modes
370 (19.52 +0.12 ) % S=17 139
at a0 (12.54 +0.05 ) % 133
Tt CPV [ii] ( 1.96640.010) x 1073  S=16 206
7970 cPv ( 8.65 £0.06 ) x 104 S=18 209
Semileptonic modes with photons
nteFugy lvegi]l ( 3.80 +£0.08 ) x 103 229
mEuF v,y ( 5.65 +£0.23 ) x 10~4 216
Hadronic modes with photons or ££ pairs
7970~ < 56 x 10~0 CL=90% 209
Tty [vj] (415 £0.15 )x10™° S=2.8 206
7T 7~ ~(DE) (284 £0.11 ) x 1072  S=2.0 206
702y /] (132 +0.14 )x10~6 s=36 231
mOvyete~ ( 1.62 £0.17 ) x 108 230
Other modes with photons or £7 pairs
2y ( 5.47 £0.04 )x 1074 sS=12 249
3y < 24 x 10~7 CL=90% 249
ete (950 £0.35 )x 1076  s=17 249
Wty (359 +0.11 )x10~7  S=13 225
ete vy il (595 +0.33 )x 10~ 7 249
ptuTyy il (10 Tgg )x1078 225

Charge conjugation x Parity (CP) or Lepton Family number (LF)
violating modes, or AS = 1 weak neutral current (51) modes

ut ™ S1 (6.84 +0.11 ) x 1079 225
ete S1 (9 T8 Hyxi12 249
rtrete” S1 [ (311 £0.19 )x 107 206
nOn0et e S1 < 66 x 10~9 CL=90% 209
T ete S1 (269 £0.27 ) x 1079 225
ete ete™ S1 (356 £0.21 ) x 10~8 249
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aOut CP,S1[kk] < 3.8 x 10~10CL=90% 177
m0et e~ CP,S1[kk] < 2.8 x 10~10CL=90% 230
%7 CP,S1 [ < 2.1 x 10~7 CL=90% 231
m0r0vw S1 < 47 x 1075 CL=90% 209
et T LF [gg] < 47 x 10~ 12CL=090% 238
et et FuF LF  [gg] < 4.12 x 10~ 11 CL=90% 225
w0t et LF [gg] < 6.2 x 10~9 CL=90% 217
K*(892) 1(JP) = 3(17)
K*(892) mass m = 891.66 + 0.26 MeV
Mass m = 895.5 + 0.8 MeV
K*(892)° mass m = 896.00 + 0.25 MeV (S = 1.4)
K*(892)T full width I = 50.8 + 0.9 MeV
Full width ' = 46.2 + 1.3
K*(892)° full width I = 50.3 + 0.6 MeV (S = 1.1)
p
K*(892) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Knr ~ 100 % 289
KO~ ( 2.3140.20) x 103 307
K*~ ( 9.9 £0.9 ) x 10~4 309
Krn < 7 x 10~4 95% 223
K1(1270) 1Py =307")
Mass m = 1272 + 7 MeV [7]
Full width T = 90 + 20 MeV ["]
K1(1270) DECAY MODES Fraction (I;/T) p (MeV/c)
Kp (42 +£6 )% 45
K5(1430) 7 (28 +4 )% T
K*(892)m (16 +£5 )% 302
Kw (11.0£2.0) % T
K f5(1370) ( 3.0£2.0) % f
7K0 seen 539
K1(1400) 1Py = 317™)

Mass m = 1403 £+ 7 MeV
Full width ' = 174 + 13 MeV (S = 1.6)
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K1(1400) DECAY MODES Fraction (I;/T) p (MeV/c)
K*(892)m (94 +6 )% 402
Kp ( 3.0+3.0) % 292
K f5(1370) ( 2.0+£2.0) % f
Kw ( 1.0£1.0) % 284
K8(1430)7T not seen T
7K0 seen 613
* Py _ 1/1—
K*(1410) 1(J7) = 3(17)
Mass m = 1414 + 15 MeV (S = 1.3)
Full width I = 232 + 21 MeV (S = 1.1)
P
K*(1410) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
K*(892) > 40 % 95% 410
Kr (6.6+1.3)% 612
Kp < 7 % 95% 305
7K0 seen 619
5(1430) [mm] 1JP) = L(0h)
Mass m = 1425 + 50 MeV
Full width ' = 270 + 80 MeV
K6(1430) DECAY MODES Fraction (I';/T) p (MeV/c)
Kr (93+10) % 619
5(1430) 1Py = 12
K3(1430)* mass m = 1425.6 &= 1.5 MeV (S = 1.1)
K3(1430)° mass m = 1432.4 & 1.3 MeV
K3(1430)* full width I = 98.5 £ 2.7 MeV (S = 1.1)
K3(1430)° full width I = 109 + 5 MeV (S = 1.9)
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Scale factor/ p
K;(1430) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Kr (49.9+1.2) % 619
K*(892) (24.7£1.5) % 419
K*(892)mm (13.4£2.2) % 372
Kp ( 8.7+0.8) % S=1.2 318
Kw (2.9+0.8) % 311
Kt~ ( 2.440.5) x 103 S=1.1 627
Kn (1.5732)x 1073 5=13 486
Kwr < 72 x 104 CL=95% 100
KO~ < 9 x 10—4 CL=90% 626
* Py _ 11—
K*(1680) 1(UP) = 3(17)
Mass m = 1717 &+ 27 MeV (S = 1.4)
Full width I = 322 + 110 MeV (S = 4.2)
K*(1680) DECAY MODES Fraction (I';/T) p (MeV/c)
Kr (38.7£2.5) % 781
Kp (314730 % 570
K*(892) (20.9722) % 618
K2(1770) I 1(JF) = 3(27)
Mass m = 1773 + 8 MeV
Full width ' = 186 + 14 MeV
K5(1770) DECAY MODES Fraction (I;/T) p (MeV/c)
Knrr 794
K;(1430)7T dominant 288
K*(892)7T seen 654
K f2(1270) seen 55
Ko seen 441
Kw seen 607

3(1780) 1uP)y=1337)

Mass m = 1776 £ 7 MeV (S = 1.1)
Full width T = 159 + 21 MeV (S = 1.3)
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K%(1780) DECAY MODES

p

Fraction (I';/T) Confidence level (MeV/c)

K35(1430) 7

(B1 +9 )% 613
(20 £5 )% 656
(18.8+ 1.0) % 813
(30 +13 )% 719
< 16 % 95% 201

K2(1820) [c°]

1(JP) = 3(27)

Mass m = 1816 + 13 MeV
Full width ' = 276 + 35 MeV

K>(1820) DECAY MODES Fraction (I;/T) p (MeV/c)

K§(1430)7T seen 327

K*(892)7T seen 681

K f5(1270) seen 186

Kw seen 638
4(2045) 1Py = 3(47h)

Mass m = 2045 + 9 MeV (S = 1.1)
Full width ' = 198 £+ 30 MeV

KZ(2045) DECAY MODES Fraction (I;/T) p (MeV/c)
K (9.9+1.2) % 958
K*(892)mm (9 +5 )% 802
K*(892)rmm (7 £5 )% 768
pKm (5.7£3.2) % 741
wKm (5.043.0) % 738
oK (2.84+1.4) % 594
P K*(892) (1.4+0.7) % 363
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(C=+1)

CHARMED MESONS

Dt =cd, D = cu, D° = cu, D~ = ¢d.

similarly for D*'s

D:I:

Mass m = 1869.62 + 0.20 MeV
Mean life 7 = (1040 4 7) x 10715
cr = 311.8 um

c-quark decays

1(JP) = 4(07)

(S =1.1)

[(c — ¢Tanything)/l(c — anything) = 0.096 + 0.004 (PPl
[(c — D*(2010)*" anything)/l(c — anything) = 0.255 + 0.017

CP-violation decay-rate asymmetries

Acp(KYn ) = —0.009 + 0.009
ACP(H 2nt) = —0.005 + 0.010
Acp(KF 7t 70) = 0.010 &+ 0.013
Acp(K 057Ti770) = 0.003 + 0.009
Acp(KS 7~) = 0.001 £ 0.013
ACP(K Ki) = 0 07 + 0.06
ACP(K K~ %) = 0.006 + 0.007
Acp(K* K*O) 0.005 + 0.017
ACP(¢ ) = —0.001 + 0.015
Acp(rtn~nt) = —0.02 + 0.04

Acp(KY Ki rtn7) = —0.04 £ 0.07
T-violation decay-rate asymmetry
Ar(KYKEat ™) = 0.02 £+ 0.07

D+ — 'K*(892)%¢+ v, form factors
r, = 1624008 (S=15)
ry = 0.83 + 0.05
rs = 0.0 + 0.4
M, /T =1.13 + 0.08
r /T =022+006 (S

1.6)
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Most decay modes (other than the semileptonic modes) that involve a neu-
tral K meson are now given as KOS modes, not as KO modes. Nearly always
it is a KO that is measured, and interference between Cabibbo-allowed

and doubly Cabibbo-suppressed modes can invalidate the assumption that
21 (KY) = r(k9).

Scale factor/ p
Dt DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Inclusive modes
eT anything (16.0 +£0.4 ) % -
K™ anything (25.7 £1.4 )% -
KCanything + K%anything (61 +£5 )% -
K anything (59 £08 )% -
K*(892)~ anything (6 +5 )% -
K*(892)%anything (23 +5 )% -
K*(892)% anything < 6.6 % CL=90% -
1 anything (63 £0.7 )% -
n' anything ( 1.04+0.18) % -
¢ anything ( 1.03+0.12) % -
Leptonic and semileptonic modes

et v, < 24 x 1072  CL=90% 935
ntu, (4.4 £07 )x 1074 932
T, < 21 x 1073 90
KOetu, (86 +£05)% 869
KOutw, (9.3 +08 )% S=1.1 865
K-nteTu, (41 +£0.6 )% S=1.1 864

K*(892)%et v, ( 3.66+0.21) % 722

K*(892)° — K= 7t

K~ 7T eT v, nonresonant < 7 x 1073 CL=90% 864
K-ntuty, (39 £05)% 851

K*(892)° ut v, (36 03 )% 717

K*(892)° — K= 7t

K=mt ™ v,, nonresonant (21 405 )x10~3 851
K ataluTu, < 16 x 1073 CL=90% 825
et v, (4.4 £07 )x 103 930
Petu, (22 £04 )x 1073 774
Puty, (2.4 £04 )x 103 770
wet v, (1.6 T9L)x10-3 771
peT v, < 201 % CL=90% 657
put vy, < 2.04 % CL=90% 651
any < 7 x 1073 CL=90% 855
7' (958) ™t v, < 11 % CL=90% 684
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Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

K*(892)%et 1, ( 5.4940.31) % S=1.2 722
K*(892)% v, (54 £04 )% S=1.1 717
K§(1430)% < 25 x 10~4 380
K*(1680)% 1 v, < 15 x 1073 105
Hadronic modes with a K or KKK
Kert ( 1.4540.04) % S=1.3 863
KOt ( 1.46+0.05) % 863
K- ntnt [qq] ( 9.22+0.21) % S=1.1 846
(K™ 7)) s _wave ™ ( 7.5440.26) % 846
K*(892)0 7, ( 1.2240.09) % 714
K*(892)° — K= 7t
K35(1430)0 7, [rr] (3.0 £0.8 ) x10™4 371
K3(1430)° — K= 7
K*(1680)0 7+, [rr] (1.6 +£0.6 ) x10™3 58
K*(1680)° — K~ n™
Kert a0 [qq] (6.8 £0.5 )% S=1.9 845
KSpT (46 +1.0 )% 677
K*(892)° 7, (1.3 +£06 )% 714
K*(892)° — K30
K779 nonresonant (9 +7 )x1073 845
K- ntata0 [qq] ( 6.00-£0.20) % S=12 816
K*(892)° pT total, (13 £08 )% 422
K*(892)° — K—xT
K1(1400)07+, (1.8 £0.7 )% 390
K1(1400)° — K~ atz0
K~ ptnttotal (29 T33)% 613
K~ ptnT 3-body (1.0 £0.4 )% 613
K*(892)0 7t 70total, (42 +£06 )% 690
K*(892)° — K= 7t
K*(892)% 7 79 3-body, (27 +08)% 690
K*(892)° — K7t
K*(892)~ 7 T 3-body, (6 +3 )x1073 638
K*(892)~ — K~ x°
K~ 7t 7 70 nonresonant [ss] (1.1 £0.5 )% 816
Krtata~ [qq] ( 3.024+0.12) % S=13 814
KQ a;(1260) T, (1.8 £0.3 )% 328
a1(1260)" — 7tat 7~
K1(1400)° 7, (1.8 +£07 )% 390

K1(1400)° — KOS ntmw™

HTTP://PDG.LBL.GOV Page 36 Created: 7/18/2008 14:28



Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

K*(892)~ 7t T 3-body, (13 £06 )% 688
K*(892)" — K7~
KQ p0 7T total (1.8 £0.6 )% 611
KS p 7 3-body (21 +22)x103 611
K777~ nonresonant (36 £1.8 )x10~3 814
K= 3rtn~ [qq] ( 5.6 £0.5 ) x 10~3 S=1.1 772
K*(892)% 7t 7t o, (1.2 £0.4 )x 1073 645
K*(892)° — K= 7t
K*(892)0 p0 7, (23 +04 )x1073 239
K*(892)% — KT
K= pPntnt ( 1.69+0.28) x 103 524
K~ 37T 7~ nonresonant (39 2.9 )x10~4 772
KT 2KY (45 £2.1 )x 103 545
KTK™KYnt (23 +05)x10~4 436

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

KQ a;(1260)" (35 +06 )% 329
K2 a,(1320)" < 15 x 1073 CL=90% 200
K*(892)° p* total [ss] (20 £12)% 422
K*(892)% p+ S-wave [ss] (15 +15)% 422
K*(892)0 pt P-wave <1 x 1073 CL=90% 422
K*(892)° pT D-wave (9 +6 )x103 422
K*(892)° ot D-wave longitu- < 7 x 1073 CL=90% 422
dinal
K1(1270)0 7 F < 7 x 1073 CL=90% 487
K1(1400)0 7t (38 £1.3)% 390
K*(892) 7+ 0 total (6.3 +£08)% 690
K*(892)° 7 79 3-body [ss] (40 £12)% 690
K*(892)~ 7t 7T total — 689
K*(892)~ 7 " 3-body (1.4 £09 )% 689
K*(892)% a1 (1260) (91 +1.8 )x 1073 t
Pionic modes
nt 70 ( 1.24+0.07) x 10~3 925
rtata~ ( 3.21+0.19) x 103 909
POrt (82 £1.5 ) x 10~4 767
T (T 7T ) s _wave ( 1.8040.16) x 10~3 909
ont, o0 — nta~ ( 1.3540.12) x 10~3 -
f(980) 7, ( 1.54+0.33) x 10~4 669
(980) — 7t~
fo(1370) 7, (8 +4 )x107° -
f(1370) — 7t~
f>(1270) 7T, (5.0 £0.9 ) x10~4 485

(1270) — 7t w~
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p(1450)0 7t
p(1450)0 — 7t~
fo(1500) 7T,
fo(1500) — 7t~
fo(1710) 7t
fo(1710) — 7t 7~
fo(1790) 7,
fo(1790) — 7t w—
(Tt 1) s _wave ™
7T 7T 7~ nonresonant
7t 270
atata—x0
777T+, n— mwtaw
w7r+, w— wtn 7w
3nt2n~

0
0

+

Fractions of some of the following modes with resonances have already

< 8 %1075

(11 +0.4 )x10~4

< 5 x 102
< 6 x 102
< 1.2 x 10— 4
< 1.1 x 104

(46 +0.4 )x10~3
( 1.1440.08) %
(7.7 £07 )x10~%
< 3 x 10~4
( 1.63+0.16) x 10~3

CL=95%

CL=95%

CL=95%

CL=95%
CL=95%

CL=90%
S=1.1

appeared above as submodes of particular charged-particle modes.

nmt
w7r+
npt
1'(958)

Tt
1'(958) p*

( 3.39+0.29) x 10~3

< 34 x 10~4
< 7 x 10~3

(5.1 +1.0 ) x 1073
< 5 x 10~3

Hadronic modes with a KK pair

KT KY
KTK—nt
gb7r+_,¢ — KTK™
K+ K*(892)°,
K*(892)° —» K7t
KT K(1430)°,
K5(1430)° — K=ot
0 1,0
K5K57T+
K*(892)t K2,
K*(892)" — K%rt
KtK—ntz0
pntnl ¢ - KTK~
(ﬁp"’v ¢ — KT K~
KT K~ 7t 7%on-¢
KT K%7T+7T_
K%K_ﬂ+7r+
KTK ntatn™

HTTP://PDG.LBL.GOV

( 2.8940.17) x 10~3

[qq] ( 9.63+0.31) x 103

( 3.06+0.34) x 10~3
( 2.9040.32) x 10~3

(36 +£0.4 )x103

(53 +23)x1073

(1.1 +£05 )%
< 7 x 1073

(15 797 )%
( 1.6940.18) x 10~3

( 2.3240.18) x 10~3
(23 +1.2 ) x10~4

Page 38

CL=90%
CL=90%

CL=90%

5=1.3

CL=90%

338

909
909
910
883
848
763
845

848
764
655
681
349

793
744
647
613

741
611

682
619
258
682

678
678
600
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Fractions of the following modes with resonances have already appeared
above as submodes of particular charged-particle modes.

ot (6.2 £0.7 )x 1073 647
pmt a0 (23 £1.0 )% 619
dpt < 15 % CL=90% 259
K+ K*(892)° (44 +05)x10°3 613
K*(892)" K¢ (1.6 £0.7 )% 612
Doubly Cabibbo-suppressed modes
K+ 70 ( 2.37+0.32) x 10~4 864
Ktatn™ (6.2 £0.7 )x10~4 846
K+ p0 (2.4 £0.6 ) x 10~4 679
K*(892)% 7+, K*(892)° — (2.9 +£06 ) x 1074 714
Kt~
KT 15(980), f(980) — (5.6 +3.4)x107> -
ata~
K35(1430)0 7T, K3(1430)° — (5.0 +£3.4 )x1075 -
Kt~
KTKTK~ (8.7 +£2.0)x107° 550
AC = 1 weak neutral current (C1) modes, or
Lepton Family number (LF) or Lepton number (L) violating modes
ntete™ C1 < 74 x 1070 CL=90% 930
1T, ¢ — ete [te] (27 T38)x100 -~
atut T C1 < 3.9 x 1076 CcL=90% 018
pTut ™ C1 < 56 x 1074  CL=90% 757
Ktete™ [u] < 6.2 x 1070 CL=90% 870
Kt utpu~ [u] < 9.2 x 1070 CL=90% 856
aterp T LF [gg] < 3.4 %1075 CL=90% 927
KT ety T LF [gg] < 68 %1075 CL=90% 866
7 et el L < 36 x 1076 CL=00% 930
TR L < 4.8 x 1076 CL=90% 918
T et ut L < 5.0 x 1075 CL=90% 927
p-putpt L < 56 x 1074  CL=90% 757
K~ etet L < 45 x 1070 CL=90% 870
K=t L < 13 x 107  CL=90% 856
K= et pt L < 13 x 104 CL=90% 866
K*(892)™ put ™ L < 85 x10~4  CL=90% 703
DO 1(UP) = 3007)
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Mass m = 1864.84 + 0.17 MeV (S = 1.1)
Mmpe — mpo =478 £0.10 MeV (S = 1.1)
Mean life 7 = (410.1 = 1.5) x 107 1° s
cr = 122.9 pum
. — 2'37+0.66 > 1010 h -1
}mel’ ng} ( —0.71)+036 S )
Mo =T ho)/T =2y = (1.567930) x 10~
(Mpo = Tpg)/ y = (1567 35)
lq/p| = 0.86 + 0.31
Ar = (1.4 £2.7) x 1073
(KT ¢~ 7, (via D°))/T(K~ ¢+ y;) < 0.005, CL = 90%
M(Ktn~via DY) /T(K~7T) < 4.0x107% CL = 95%
F(K&nt7~in DO — DO)/F(K%rtn~) < 0.0063, CL = 95%
CP-violation decay-rate asymmetries
Acp(KTK™) = (0.1 £0.5) x 1072 (S =1.4)
Acp(KEK2) = —0.23 £0.19
cp(nT7™) = (0.0 £ 0.5) x 1072
cp(m970%) = 0.00 + 0.05
(7t 7~ 7%) = 0.004 & 0.013
(K% ¢) = —0.03 £+ 0.09
(k%79 = 0.001 £ 0.013
Acp(K¥rt)in DO — K—at, D0 — KTn~ = —0.004 +
0.010
Acp(KT 7 T) = 0.022 4 0.032
Acp(KF 7t 70) = 0.002 + 0.009
Acp(KE 7T %) = 0.00 + 0.05
Acp(K%7mtn™) = —0.009 70020 B
Acp(K*(892)F 7t — Kirtr™)in D% —» K* xt, D —
K*tr~ < 35x 1074 CL = 95%
Acp(K*(892)* 7 F — K(5)7T+7T_) in D% - K*tx—, DO —
K7t < 7.8x 1074, CL = 95%
ACP(K% 0 K057T+7T_) in DO — KOy DY — KO0 <«
4.8 x 1074, CL = 95%
Acp(KQw — K%atn™)in D — KOw, D - KO%w < 9.2x
10~4, CL = 95%
Acp(K%£(980) — K%ntx~)in D® — KO£(980), D° —
KO £,(980) < 6.8 x 1074, CL = 95%
Acp(K%£(1270) — KYatn™)in D® — KO£(1270), DO —
K%, (1270) < 13.5 x 1074, CL = 95%
Acp(K% £(1370) — KS7xT7~)in D® — K°£,(1370), D° —
KO £y(1370) < 25.5 x 1074, CL = 95%
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Acp(K§(1430) T — K3rtr™)in DO — Kj5(1430) ™,
D% — K3(1430)T 7~ < 9.0x 1074, CL = 95%
Acp(K3(1430)Fn* — Kxtzr™)in DO — K3(1430) ™,
D% — K3(1430)T7~ < 6.5x 1074, CL = 95%
Acp(K*(1680)F 7% — K7t 7™)in DO — K*(1680) T,
D% — K*(1680)t 7~ < 28.4 x 1074, CL = 95%
Acp(K—ntnt77)in D® - K= atatn—, DO —
Ktn~ 7~ T = 0.007 + 0.010
Acp(KEnFatr™) = —0.02 + 0.04
Acp(KT K=nt77) = —0.08 £ 0.07

T-violation decay-rate asymmetry

Ar(KT K= nt77) = 0.01 + 0.07

CPT-violation decay-rate asymmetry

Acpr(KT7T) = 0.008 + 0.008

Most decay modes (other than the semileptonic modes) that involve a neu-

tral K meson are now given as K% modes, not as KO modes. Nearly always

it is a KO that is measured, and interference between Cabibbo-allowed
and doubly Cabibbo-suppressed modes can invalidate the assumption that

21 (KY) = r(k9).

DO DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Scale factor/ p

Topological modes

0-prongs [w] (15 +6 )%

2-prongs (71 +6 )%

4-prongs [ww] (146 £05 )%

6-prongs (12 jé:; ) x 1073

Inclusive modes

eT anything [xx] (653 £0.17 ) %

uT anything (6.7 +06 )%

K™ anything (547 +£238 )% S=1.3
KOanything + K9anything 47 +4 )%

K™ anything (34 +£04 )%

K*(892)~ anything (15 49 )%
K*(892)%anything (9 +4 )%

K*(892)T anything < 3.6 % CL=90%
K*(892)° anything (28 +13 )%

1 anything (95 +£09 )%

n' anything (248 £0.27 ) %

¢ anything ( 1.05 £0.11 )%
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Semileptonic modes

K~ etu, ( 3.58 +0.06 )% S=1.1 867
K- uty, (331 £0.13 )% 864
K*(892)~ eT v, (218 +0.16 ) % 719
K*(892)~ pntw, (201 £0.25 )% 714
K-t u, (1.6 T332 )% 861
KO~ etu, (27 732 )% 860
K- ntn etu, (28 T11 )x10* 843
K1(1270)" et v, (7.6 T32 )x10~* 498
K- atn—pty, < 12 x 1073 CL=90% 821
(K*(892)7)~ utu, < 14 x 1073 CL=90% 692
T et (2.83 +£0.17 ) x 1073 927
™ty ( 2.37 £0.24 ) x 1073 924
p~ et v, (19 +04 )x1073 771
Hadronic modes with one K
K—nt ( 3.89 +£0.05 )% S=1.1 861
KQ 7O (1.22 £0.06 ) % S=12 860
K9m0 (100 +0.7 )x10~3 860
Kertm™ [qq] (299 £0.17 )% S=1.1 842
KS p° (7.7 738 yx10-3 674
Klw,w— 7ta~ (22 +06 )x10~% 670
K2 £5(980), (1.40 7039 ) x 103 549
f(980) — w7~
KQ £(1270), (13 732 )x10~* 262
(1270) — 7t w~
K (1370, (25 06 yx10-3 ;
f(1370) — 7t w—
K*(892)~ 7, (1.97 +£0.13 )% 711
K*(892)~ — K7~
K*(892)tm~, K*(892)" — [l (10 T33 )x10~* 711
K%W+
K3(1430)~ 7T, (29 *OF )x10-3 378
K5(1430)" — K%rx~
K3(1430)~ 7, (33 T22 yx10* 367
K3(1430) — K7~
K*(1680)" 7T, (7 T& Hyxio* 46

K*(1680)~ — K7~
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K057T+7T_ nonresonant (27
K=t x0 [qq] (13.9
K= pT (10.8
K~ p(1700) T, (7.9
p(1700)t — 7t 70
K*(892)~ =, (222
K*(892)~ — K~ x0
K*(892) 70, (1.88
K*(892)° — K= 7t
K3(1430)~ 7, (4.6
K3(1430)~ — K~ 79
K5(1430)°070, (5.7
K5(1430)° — K7t
K*(1680)~ 7+, (18
K*(1680)~ — K~ 0
K~ 7+ 70 nonresonant ( 1.11
K%WOWO
K*(892) 70, (67
K*(892)° — K%n0
KCS)TFOTFO nonresonant (45
K- rntntn™ [qq] ( 8.10
K~ nT pPtotal ( 6.76
K~ 1 p93-body ( 5.1
K*(892)0 00, ( 1.00
K*(892)° — K7t
K~ a1(1260)", (3.6
a1(1260)" — 7tat 7~
K*(892)% 7t 7~ total, (15
K*(892)° — K= 7t
K*(892)% 7 7~ 3-body, (9.7
K*(892)° — K7t
K1(1270)~ 7, [ss] (2.9
K1(1270) — K a7~
K~ 7T 7T 7~ nonresonant ( 1.88
K%7T+7T_ 70 [qq] ( 5.4
K%n,n—> ata— a0 ( 8.6
Kosw,w—> at =70 (98
K*(892)~ p™T, (21
K*(892)" — K7~
K1(1270)" 7+, [ss] (2.2
K1(1270)~ — K%Tl'_ﬂ'o
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1 _
o1y <104 842
+05 )% S=1.6 844
+07 )% 675
+1.7 )x 1073 t
ST
+0.23 ) % 711
+21 )x 1073 378
45 _
12 )x1073 379
+0.7 )x 1073 46
T35 )% 844
— 843
1. —
18 ) x10-3 711
+1.1 )x 1073 843
+0.20 ) % S=1.3 813
+0.33 ) % 609
+23 )x 1073 609
+0.22 ) % 416
+0.6 )% 327
+0.4 )% 685
+21 )x 1073 685
+03 )x 1073 484
+0.26 ) % 813
+0.6 )% 813
+1.4 )x10~4 772
+1.8 )x 1073 670
£08 )% 416
+0.6 )x1073 484
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K*(892)% 7 7~ 3-body, (24 405 )x1073 685
K*(892)° — K%n0
K 7 7~ 7%nonresonant (1.1 +12 )% 813
K- ntato xn0 (42 +04 )% 771
K*(892)0nt 7= x0, (12 +06 )% 643
K*(892)° — K= nT
K- ntw,w— ata— a0 (27 £05 )% 605
K*(892)%w, (65 +24 )x1073 410
K*(892)° — K~
w— ata 70
KSnn® (56 +£1.2 )x10-3 721
K% a(980), ag(980) — nm° (67 +21 )x1073 -
K*(892)%7, K*(892)° — (16 +05 )x1073 -
K(5)7TO
KQ2rtor™ (2.84 £0.31 ) x 103 768
KSpP ™, noK*(892)~ (11 407 )x103 -~
K*(892) " ntntn—, (5 48 )x1074 642
K*(892)" — K%n~,
no p°
K*(892)~ p0rt, (17 407 )x103 230
K*(892)" — K7~
KOS 27T 27 nonresonant < 13 x 1073 CL=90% 768
K= 3rt2n~ (22 406 )x10~4 713

Fractions of many of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes. (Modes

for which there are only upper limits and 7*(892)p submodes only appear

below.)
Kn (40 +05 )x103 772
Kew (113 £0.20 ) % 670
K%/ (958) (94 +14 )x10-3 565
K~ a;(1260)* (78 +11 )% 327
K% a1(1260)° < 19 % CL=90% 323
K~ ap(1320)* < 2 x 1073 CL=90% 198
K*(892)% 7+ 7~ total (24 +05 )% 685
K*(892)% 7 7~ 3-body (153 +0.34 )% 685
K*(892)0 p0 (1.58 +£0.35 ) % 417
K*(892)° p%transverse (16 +06 )% 417
K*(892)0 o0 S-wave (30 +06 )% 417
K*(892)° p% S-wave long. < 3 x 1073 CL=90% 417
K*(892)° p° P-wave < 3 x 1073 CL=90% 417
K*(892)° p° D-wave (21 +06 )% 417
K*(892)~ p™ (66 +26 )% 417
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K*(892)~ pT longitudinal
K*(892)~ p™ transverse
K*(892)~ p™ P-wave

K1(1270)" 7+

K1(1400)~ i

K1(1400)0 70

K*(892)0 7t 7~ 70

K ntw
K*(892)°w

K=+ 1/ (958)
K*(892)%1/(958)

(32 £13 )%
(35 £20 )%
< 15 %

[ss] (115 £0.32 )%

< 1.2 %

< 37 %
(19 +09 )%
(30 +06 )%
(11 +05 )%
(75 +19 )x103

< 11 x 1073

Hadronic modes with three K's

KSKT K™
KO a0(980)0, a) — KT K~
K 0(980)™, ai — KT K%
K+ ag(980)~,
K21 (980), fy —» KT K~
K g, ¢ — KT K-
K21 (1400), fy — KT K™
3KY
KtK- K-zt
Kt K~ K*(892)°,
K*(892)0 — K~ n™
K_7T+¢, ¢ — Kt K~
pK*(892)°,
¢ — KtK™,
K*(892)° — K= 7t
KT K~ K~ T nonresonant
KLKIKErT

—, p(1450)T —
, p(1450)°
7T, p(1450)~

;)(1700)+

7T+’7T

HTTP://PDG.LBL.GOV

p(1700)*

= _ 8
ao—>KKS

(472 +0.32 )x 1073
(31 404 )x10~3
(63 +19 )x10~4
< 12 x 104
< 1.0 x 10~4
( 217 +0.15 ) x 1073
(18 +11 )x10~4
(96 +14 )x10~4

(222 +£0.32 ) x10~4
(44 +17 )x10~°

(40 +17 )x107°

( 1.06 +0.20 ) x 10~4

(33 +15 )x10~°
(63 +13 )x10~4

Pionic modes

( 1.39740.027) x 10—3
(80 +08 )x10~4
( 1.44 £0.06 )%

(9.8 404 )x10~3
(373 +0.22 ) x 1073
( 4.97 £0.23 ) x 1073

(16 420 )x107°
(43 +19 )x10~°
(26 +04 )x10~4

(59 +14 )x10~4
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CL=90%

CL=90%
CL=90%

CL=90%

CL=95%
CL=95%

5=1.8

417
417
417
484
386
387
643
605
410
479
120

434
427

922
923
907
764
764
764
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p(1700)° 70, p(1700)°
ntn—
p(1700)~ 7t , p(1700)~ —

T

7(980) 7° 0 £(980) —
+

f0(602) , 1o(600) —
f0(1370) , £5(1370) —
f0(150 ) , f5(1500) —
f0(171 ) , f5(1710) —
f2(1270) , (1270) —
ntrT
nt ™ Wononresonant
370
2t 2n—

a1(1260) T 7, af —
7T~ 7T total
a1(1260) "7, af —
P27t Swave
a1(1260) T 7, af —
P07t D-wave
a1(1260) " 7, af —
onT
2p0total
200, parallel helicities
2p%, perpendicular helici-
ties
200, longitudinal helicities
Resonant (77~ )nt 7™
3-body total
ontn~
(980) 7T 7, fy —
ata~
H(1270) 7t 7, fh —
o
7~ 270
nm°
w O
2rt 27— 70
nmt
wrtm
3nt3n~

T

HTTP://PDG.LBL.GOV

(72
(46
(36
(118
(5.3
( 5.6
(45
( 1.90

(121
< 35
( 7.44
( 4.47

(322

(1.9

( 6.2

( 1.82
(8.2
(48

(1.25
( 1.49

(6.1
(1.8

(36

( 1.00
[zz] (5.7
[zz] < 2.6

(42
[zz] < 1.9
(1.6
(42

[22]
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+1.7 )x 1074 -
+11 )x10~4 -
+0.8 )x107° -
+0.21 ) x 10~4 -
+21 )x107° -
+15 )x107° -
+15 )x107° -

4+0.20 ) x 10~4 -

+0.35 ) x 10~4 907

x 10~% CL=90% 908
4021 )x 103  S=1.1 880
+0.31 ) x 1073 -
+0.25 ) x 1073 -
+05 )x10~4 -
+07 )x10~4 -
4+0.13 ) x 1073 518
+32 )x107° -
+0.6 )x10~4 -
4+0.10 ) x 10~3 -
+0.12 ) x 10~3 -
+0.9 )x10~4 -
+05 )x10~4 -
+0.6 )x10~4 -
+0.09 ) % 882
+1.4 )x10~4 846

x 10~% CL=90% 761
+05 )x 1073 844

x 1073 CL=90% 827
+05 )x 1073 738
+12 )x10~4 795
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Hadronic modes with a KK pair

KT K~ ( 3.93
2KY (38

KK nt (35
K*(892)° K%, K*(892)° — < 6
K- nt
KSKtm~ (27
K*(892)° K2, K*(892)° — < 3.0
Ktn—
Kt K= =0 ( 3.29
K*(892)T K—, K*(892)" — ( 1.47
K+t 70
K*(892)~ KT, K*(892) — (5.1
K~ 70
(K+7T0)5—wave K~ (234
(K_T"O)S—wcwe K+ (13
(980)7°, fy — KT K~ (35
o9, 6 — KTK— (6.1
KL KL xO < 59
KtK-ntn— [aaa] ( 2.43
¢ 7 3-body, ¢ — (2.4
KT K~
o, ¢ — KTK™ (7.1
KT K~ p%3-body (5
5(980) 7T 7, fy — KT K™ (36
K*(892)° KF 7% 3-body, [bbb] ( 2.7
K*0 _, _K:l:ﬂ,IF
K*(892)° K*(892)°, K*0 — (7
KE T
K1(1270)* KT, ( 8.0
K1(127O)i — KEgptro—
K1(1400)* KT, ( 5.4
K1(14OO)i — KEgptro—
KSKLmt o™ ( 1.30
K%K_W+7T+7T_ < 15
KtK-nta 70 (31

+0.08 ) x 1073
+07 )x10~4
+05 )x 1073

x 104

+05 )x 1073
x 104

+0.14 ) x 1073
+0.07 ) x 1073

+05 )x10~4

+0.17 ) x 10~3
+0.4 )x10~4
+0.6 )x10~4
+0.6 )x10~4

x 104
+0.12 ) x 1073
+24 )x107°

+06 )x10~4
+7  )x107°
409 )x10~4
+06 )x10~4
+5 )x107°
+1.8 )x10~4

+12 )x10~4

+0.24 ) x 1073
x 104
+2.0 )x1073

S=1.1
CL=90%

CL=90%

CL=90%

Fractions of most of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

0 (76

on (1.4
ow < 21

HTTP://PDG.LBL.GOV Page 47

+05 )x10~4
+05 )x10~4
x 1073

CL=90%

791
789
739
608

739
608

743

743
743

740

677
614

250
302

531

272

673
595
600

645
489
238
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PPy

wy
ol
K*(892)0

Doubly Cabibbo suppressed (DC) modes or
AC = 2 forbidden via mixing (C2M) modes

Kt ¢~ wyvia DO

KT orK*(892)" e~ D via
50

Ktm—

K+W_W39CS

Kt a~via D B

K%W+7r_in D% — DY

K*(892)" 7,
K*(892)T — K=t

Kt n— 70 B

K+ 7~ 70via DO

Ktr—ntn™

Ktm— 7T+7T_Via_50

©~ anything via D°

Radiative modes

DC

DC

DC

DC

<
<

<

<
<

<
<

<

<
<

2.4
2.4

(25
7.6

1.8
6

( 1.48
( 1.31
1.6
1.9

( 1.0

( 3.05
8

( 2.62

4
4

x 10~ 4
x 10~ 4

06 )x1078

x 10~ 4

X 10_4
x 10~9

+0.07 ) x 10~4
+0.08 ) x 10~4
x 1072
x 10~4

foa )xw0

40.17 ) x 10~4
x 107°

Toi ) x 107

x 10~4
X 10_4

AC = 1 weak neutral current (C1) modes,
Lepton Family number (LF) violating modes, or
Lepton number (L) violating modes

e
KOet e~

HTTP://PDG.LBL.GOV

C1
C1
C1
C1
C1
C1
C1
C1
C1
C1
C1
C1
C1
C1
C1
C1
C1

<

ANNNNNANNNNNNNNNNNNA

[uu] <

2.7
1.2
1.3
4.5
1.8
1.1
5.3
3.73
1.0
3.0
2.2
1.8
8.3
3.15
5.2
3.3
3.1
1.1
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x 1072
X 10_6
X 10_6
x 1072
x 104
x 10~4
x 10~4
x 104
x 104
x 1072
x 1079
X 10_4
x 104
x 104
x 1079
x 1079
x 1072
x 104

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%

CL=95%
CL=95%

CL=95%

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

771
768

654
719

861

861

711

844

813
812

932
932
926
928
915
852
838
922
771
894
754
768
751
791
654
710
631
866
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KOput [uu] < 2.6 x 1074 CL=90% 852
K-ntete™ C1 < 385 x 1074 CL=90% 861
K*(892)%t e~ [ug] < 47 x 1075 CL=00% 719
K-atutpu~ C1 < 3.59 x 1074 CL=90% 829
K*(892)° it i~ [uu] < 2.4 x 1075 CL=90% 700
Tt a0t~ c1 < 81 x 10~4 CL=90% 863
ptet LF [gg] < 8.1 x 10~7 CL=90% 929
n0e® T LF [gg] < 86 x 105 CL=90% 924
net T LF  [gg] < 1.0 x 10~4 CL=90% 848
ata et T LF [gg] < 15 x 1075 CL=90% 911
pQet ¥ LF  [gg] < 4.9 x 1075 CL=90% 767
weT uF LF  [gg] < 12 x 10~4 CL=90% 764
K= KtetyT LF  [gg] < 18 x 10~4 CL=90% 754
pe* uF LF [gg] < 3.4 % 10~5 CL=90% 648
KOe® T LF [gg] < 1.0 x 10~4 CL=90% 863
K- ntetyF LF  [gg] < 553 x 10~4 CL=90% 848
K*(892)0 et LF [gg] < 83 % 10~5 CL=90% 714
T et e+ cc. L < 112 x 1074 CL=90% 922
T T uT 4 cc L < 29 x 1073 CL=90% 894
K m~eTet+cc L < 2.06 x 10~4 CL=90% 861
K m~utpt+cc L < 39 x 10~4 CL=90% 829
KK etet+cc L < 152 x 1074 CL=90% 791
K™K putput+ cc L < 94 x 1075 CL=90% 710
o r et ut+ cc L < 7.9 x 1073 CL=90% 911
K m~eTut+cc L < 2.18 x 10~% CL=90% 848
KK etut+cc L < 5.7 x 1075 CL=90% 754
D*(2007)° 1(JP) = 3(17)
I, J, P need confirmation.

Mass m = 2006.97 &+ 0.19 MeV (S =1.1)
Mp — Mpo = 142,12 + 0.07 MeV
Full width ' < 2.1 MeV, CL = 90%
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5*(2007)0 modes are charge conjugates of modes below.

D*(2007)° DECAY MODES Fraction (T';/T) p (MeV/c)
DO 70 (61.9+2.9) % 43
DO~ (38.1£2.9) % 137
D*(2010)* 1uPy=1@17)
I, J. P need confirmation.

Mass m = 2010.27 £ 0.17 MeV (S =1.1)

Mp«(2010)+ — Mp+ = 140.64 + 0.10 MeV (S =1.1)
Mp+(2010)+ — Mpo = 145.421 + 0.010 MeV (S =1.1)
Full width ' = 96 + 22 keV

D*(2010)~ modes are charge conjugates of the modes below.

D*(2010)* DECAY MODES Fraction (I';/T) p (MeV/c)
DOrt (67.7+£0.5) % 39
Dt 70 (30.7£0.5) % 38
DT~ ( 1.6+0.4) % 136
Dy (2420)° 1(JF) = 3a™)
I, J, P need confirmation.

Mass m = 24223 + 1.3 MeV (S =1.2)
Mpo — Mp. = 411.7 £ 0.8

Full'width I = 20.4 & 1.7 MeV

51(2420)0 modes are charge conjugates of modes below.

D1(2420)o DECAY MODES Fraction (I;/T) p (MeV/c)

D*(2010)+ T seen 355

DO I seen 426

Dt n— not seen 474

D*O nt not seen 281
D3(2460)° 1P = 321

JP = ot assignment strongly favored.

Mass m = 2461.1 + 1.6 MeV (S = 1.3)
Mmpo — Mpy = 593.9 £ 0.8

2
Full width ' = 43 £ 4 MeV (S =1.8)
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53(2460)0 modes are charge conjugates of modes below.

D%(2460)0 DECAY MODES Fraction (T';/T) p (MeV/c)

Dt rn— seen 505

D*(2010) " 7~ seen 389

DO L not seen 462

D*O L not seen 324
5(2460)* 1UP) = 12Hh)

JP = ot assignment strongly favored.

Mass m = 2460.1f§:g MeV (S =1.5)
mD;(246o)i — mD;(2460)0 =244+ 1.7 MeV
Full width T = 37 £ 6 MeV (S = 1.4)

D§(2460)_ modes are charge conjugates of modes below.

D;(2460)i DECAY MODES Fraction (I;/T) p (MeV/c)
DO 7T+ seen 508
D*O 7T+ seen 391
Dt ntn— not seen 457
D*t gt~ not seen 320

CHARMED, STRANGE MESONS
(C=S=+1)

+ = - = .. *1
Dl =cs D_ =<¢s,  similarly for D}'s

DE 1(JP) = 0(0™)

Mass m = 1968.49 + 0.34 MeV (S = 1.3)
mDi — mDi = 08.87 £ 0.30 MeV (S = 14)

Mean life 7 = (500 = 7) x 10715 s (S =1.3)
cr = 149.9 um
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CP-violating decay-rate asymmetries

Acp(KEKS) = 0.049 £ 0.023
Acp(KT K~ %) = 0.003 + 0.014
Acp(KT K7 70) = —0.06 + 0.04
Acp(KYKT2r%) = —0.01 £ 0.04
Acp(rTn~7%) = 0.02 + 0.05
Acp(r*n) = —0.08 & 0.05
Acp(rtn') = —0.06 & 0.04
Acp(KT70) = 0.02 £ 0.29
Acp(KYnt) =0.27 £ 0.11
Acp(Ktnt77) = 0.11 £ 0.07
Acp(K¥n) = —0.20 4+ 0.18
Acp(K*1'(958)) = —0.2 + 0.4

T-violating decay-rate asymmetry

AT(KYKE 7+ 77) = —0.04 £+ 0.07 [eec]

D's" form factors

rp=1324+024 (S=12)
r,=172+021

M /T =072%0.18

Unless otherwise noted, the branching fractions for modes with a resonance

in the final state include all the decay modes of the resonance. Ds_ modes
are charge conjugates of the modes below.

D;" DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

Inclusive modes

+14

f_anything (13 T15 )% -
KO anything + K9anything (39 +28 )% -
KT anything (20 f%g ) % -
(non-K K) anything (64 +17 )% -
1 anything [ddd] (24 + 4 )% -
n’ anything (87 +21)% -
¢ anything (16.1 + 1.6 )% -
eT anything (8 T g ) % -
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Leptonic and semileptonic modes

et v, < 13 x 104 90% 984
pt v, (62 + 06 )x10"3 981
T, (66 + 06 )% 182
Y anv [ece] ( 2.36+ 0.26) % 720
nlT v, + 1/ (958) LT v, [ece] (3.9 &+ 0.7 )% -
an, [ece] (2.9 £ 0.6 )% 908
n'(958) ¢ vy [ece] ( 1.02+ 0.33) % 751
Hadronic modes with a KK pair
KT K2 ( 1.49+ 0.09) % 850
KtK—nt [qq] ( 5.50+ 0.28) % 805
ot [ffegg] ( 4.38+ 0.35) % 712
ort, o — KTK™ [ff] ( 2.18+ 0.33) % 712
Kt K*(892)°, K*0 — (26 + 04)% 416
K- 7T
f(980) 7", fo — KT K™ (6.0 + 24 )x103 732
K+?3(1i30)0, K — (51 + 25)x1073 218
™
KOKOrt — 802
K*(892)* K° [ggg] (53 + 1.2)% 683
KTK ntx0 (56 + 05)% 748
dpt, ¢ — KTK— (40 T 13)% 400
drt793-body, ¢ — < 15 % 90% 686
KT K=
K+ K=t 7%non-¢ <11 % 90% 748
KK atat ( 1.64+ 0.12) % 744
K*(892)+R*(892)O [eeg] (7.0 £ 25 )% 417
KO K= 27t (non-K*+ K*0) < 35 % 90% 744
KTKYnT ™ (9.6 + 1.3 )x 103 744
KtK ntatn™ (88 + 1.6 )x 1073 673
ortate=, ¢ — KTK— (59 + 1.1 )x 1073 640
KT K= p%7t non-¢ < 26 x 104 90% 249
ppPnt, ¢ — KTK~ (66 + 1.3 )x103 181
#a1(1260)*, ¢ — (75 + 1.3 )x 103 t
KTK™, af — pOnt
KT K~ 7T 7T 7~ nonresonant (9 +7 )x1074 673
KAKSnT oo™ (84 + 35)x104 669
Hadronic modes without K's
at 0 < 6 x 104 90% 975
atato~ ( 1.11+ 0.08) % 959
,00 ot not seen 825
7T (T 77 ) 5 —wave [hhh] (9.7 + 1.1 )x 1073 959
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(1270)7 ", b — wha~

(1.1 + 06 )x103

559
421
935
902
822
899
902
724
886
856
743
803
465
720

917
916
835
646
900
745

775

900
870
628
607

805

295

979
968
922
909

p(1450)0 7+, )0 — ata— (7 +£6 )x107%
atata—x0 < 14 % 90%
nrT lgeg] ( 1.58+ 0.21) %
wrT lgeg] (25 + 09 )x10~3
3nt2r~ (80 + 09 )x103
atata— 7070 —
pT lgeg] (13.0 £ 2.2 )%
nrt793-body [ggg] < 5 % 90%
3rt 27— 70 (49 £ 32)%
n'(958) 7 [egg]l (3.8 & 0.4 )%
3nt2r— 270 —
n'(958) p™ [ggg] (122 + 2.0 )%
7/ (958) 7+ 70 3-body lggg] < 1.8 % 90%
Modes with one or three K's
K+ n0 (82 + 22 )x10~4
KQrt ( 1.25+ 0.15) x 10~3
Ktn ( 1414+ 0.31) x 1073
KT ' (958) (1.6 + 05 )x10~3
Ktntn— (6.9 £+ 05 )x1073
K+ p0 (27 + 05)x10~3
Kt p(1450)°, )0 — 7t o~ (7.4 + 26 )x1074
K*(892)% 71, K*0 — ( 1.50+ 0.26) x 103
Ktn—
K*(1410)° 7 t, K*0 — ( 1.30+ 0.31) x 103
KTn~
K*(1430)% 71, K*0 — (5 +4 )x1074
Ktn~
K+ 7 7~ nonresonant (1.1 + 04 )x103
Kertata™ (30 £ 1.1 )x 103
KTKT K~ (49 + 1.7 )x 1074
oK, ¢ - KTK— < 2.8 x 10~4 90%
Doubly Cabibbo-suppressed modes
KtKTn™ (29 + 1.1 )x1074
Baryon-antibaryon mode
pn (13 + 04 )x103
AC = 1 weak neutral current (C1) modes,
Lepton family number (LF), or
Lepton number (L) violating modes
ntete [un] < 2.7 x 104 90%
atut T [uu] < 2.6 x 1075 90%
KTeTe™ c1 < 1.6 x 1073 90%
KTt p~ C1 < 3.6 x 1075 90%
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(892) - C1 < 1.4 x 1073 90% 765
xt M LF [gg] < 6.1 x 10~4 90% 976
KT et T LF [gg] < 6.3 x 10~4 90% 919
T + e’ L < 6.9 x 104 90% 979
T M Tt L < 29 x 1075 90% 968
e ;ﬁ L < 73 x 104 90% 976
K~ etet L < 6.3 x 104 90% 922
K~ u /ﬁ L < 13 x 1075 90% 909
K~ e ;ﬁ L < 68 x 104 90% 919
K*(892)~ put u™ L < 14 x 1073 90% 765

?

D 1JP) = 0(?)

JPis natural, width and decay modes consistent with 17 .

Mass m = 2112.3 + 0.5 MeV (S =1.1)
Mpyer = Mpt = 143.8 + 0.4 MeV

Full width ' < 1.9 MeV, CL = 90%

D:_ modes are charge conjugates of the modes below.

D% DECAY MODES Fraction (I';/T) p (MeVc)
DY~ (94.2+0.7) % 139
DY =0 ( 5.840.7) % 48
D%,(2317)* 1(JP) = 0(0™)
J, P need confirmation.

JP is natural, low mass consistent with ot.

Mass m = 2317.8 £ 0.6 MeV (S =1.1)
mD§0(2317)i — me =349.3 £ 0.6 MeV (S=1.1)

Full width ' < 3.8 MeV, CL = 95%

HTTP://PDG.LBL.GOV Page 55 Created: 7/18/2008 14:28



Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

D:0(2317)_ modes are charge conjugates of modes below.

D*,(2317)* DECAY MODES Fraction (I';/T) p (MeVc)

D: 7TO seen 298

D:_ 7T0 7T0 not seen 205
Ds;(2460)* 1(JP) =01 h)

Mass m = 2459.6 + 0.6 MeV (S =1.1)
—my. =3472£08MeV (S=12)

Mp,,(ag0)> — Mp= = 4911+ 07 MeV (S =1.1)
Full width T < 3.5 MeV, CL = 95%

Mp_ (2460)*

D1 (2460)™ modes are charge conjugates of the modes below.

Scale factor/ p
D51(2460)+ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Dt 70 (48 +11 )% 297
DY~ (18 £ 4 )% 442
DY ntr~ (43+ 1.3)% S=1.1 363
Dt < 8 % CL=90% 323
D*,(2317) "y (377 3H % 138

Ds1(2536)% 1(4P) = 0(17)

J, P need confirmation.

Mass m = 2535.35 4 0.34 4+ 0.5 MeV
Full width T < 2.3 MeV, CL = 90%
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D1(2536) modes are charge conjugates of the modes below.

D, (2536) T DECAY MODES Fraction (I';/T) p (MeV/c)
D*(2010)+ KO seen 149
D*(2007)0 K+ seen 168
D+ KO not seen 382
DO KT not seen 391
D:+ y possibly seen 388
D:_ ta~ seen 437
Dy(2573)* 1(4P) =0(?")
JPis natural, width and decay modes consistent with 27 .

Mass m = 2572.6 &= 0.9 MeV
Full width ' =20 £ 5 MeV (S = 1.3)

D¢5(2573)" modes are charge conjugates of the modes below.

D52(2573)+ DECAY MODES Fraction (I;/T) p (MeV/c)
DO K+ seen 435
D*(2007)0 K+ not seen 244

BOTTOM MESONS
(B= +1)

Bt = ub, B = db, B = db, B~ =Tb, similarly for B*'s

B-particle organization

Many measurements of B decays involve admixtures of B

hadrons. Previously we arbitrarily included such admixtures
in the BT section, but because of their importance we have
created two new sections: “B¥ /B Admixture” for 7'(45)
results and “Bi/BO/BS/b—baryon Admixture” for results

at higher energies. Most inclusive decay branching fractions
and Yy at high energy are found in the Admixture sections.
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BO-BY mixing data are found in the B9 section, while Bg-
Eg mixing data and B-B mixing data for a BO/BS admixture
are found in the B? section. CP-violation data are found in
the BE, BY, and BT BY Admixture sections. b-baryons are
found near the end of the Baryon section.

The organization of the B sections is now as follows, where
bullets indicate particle sections and brackets indicate re-
views.

o B+
mass, mean life, CP violation, branching fractions
e B0
mass, mean life, BO-BY mixing, CP violation,
branching fractions
e BT BY Admixtures
CP violation, branching fractions
. Bi/BO/BS/b-baryon Admixtures
mean life, production fractions, branching fractions
e B*
mass
e B;(5721)°
mass
o B3(5747)°
mass
o BY
mass, mean life, BS—ES mixing, CP violation,
branching fractions
° B:
mass
e B,1(5830)°
mass
o B,(5840)°
mass
° th
mass, mean life, branching fractions

At end of Baryon Listings:
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o Np
mass, mean life, branching fractions
o),
mass
° Zz
mass
° :_g, _:;
mass
e b-baryon Admixture

mean life, branching fractions

B* 1(JP) = 3(07)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.

Mass mpgy = 5279.15 + 0.31 MeV
Mean life 7 52 = (1.638 & 0.011) x 10712 s

cr = 491.1 pum

CP violation
Acp(BT — J/¥(1S)KT) = 0.017 + 0.016 (S = 1.2)
Acp(BT — J/¥(1S)7T) = 0.09 4 0.08
Acp(BT — J/ypT) = —0.1140.14
Acp(BT — J/vK*(892)T) = —0.048 + 0.033
Acp(BT — neKT) = —0.16 4+ 0.08
Acp(BT — ¥(2S)K™) = —0.025 + 0.024
Acp(BT — (2S)K*(892)") = 0.08 + 0.21
Acp(BT — xc(1P)7t) = 0.07 £+ 0.18
Acp(BT — xcoKT) = —0.07 +0.20
Acp(BT — X KT) = —0.009 + 0.033
Acp(BT — X1 K*(892)T) =054+ 0.5
Acp(BT — D%zt) = —0.008 + 0.008
Acp(BY — Dep(41)m) = 0.035 + 0.024
Acp(BT — Dgp(_1ym™) = 0.017 + 0.026

Acp(BY — DOKT) = 0.07 + 0.04
rg(BY — DOKT) =0.14 + 0.06
6g(BT — DOKT) = 135 + 26 degrees
rp(BY — DK**) =056"1022
Sg(BT — DK*T) = 243 + 50 degrees
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Acp(BY — [K~nT]pKT)=09758

Acp(BT — [K™7nT]5K*(892)T) = —0.2 £ 0.6
Acp(BY — [K~nT]pnt) = 030703

Acp(BY — [ntn 7O pK*) = —0.02 £ 0.15
Acp(BT — Dep41)KT) =022+ 0.14 (S =14)
Acp(BT — Dcp(—1yK™) = —0.09 + 0.10

Acp(BY — D*07xt) = —0.014 + 0.015

Acp(BY — (Dp(i1))°n") = —0.02 £ 0.05
Acp(BT — (DEP(_I))OWJF) = —0.09 + 0.05
Acp(BT — D*OK*) = —0.09 + 0.09

ro(BT — D*OKT) =0.17 £ 0.08
(BT — D*0 K*) = 299 + 31 degrees

Acp(BT — Dfp yKT) = —0.15+0.16
Acp(BY — Dip(_qyK*) =013 £ 031

Acp(BT — Dop(1)K*(892)") = —0.08 + 0.21
Acp(BT — Dep(—1)K*(892)%) = —0.3 + 0.4
Acp(BT — D*tD*0) = —0.15 + 0.11

Acp(BY — D*tDP) = —0.06 + 0.13

Acp(BY — DTD*) =0.13 +£0.18

Acp(BT — DTDO) = —-0.13 +£0.14

Acp(BT — K%nt) =0.009 £ 0.029 (S =1.2)
Acp(BT — KT %) =0.027 + 0.032

Acp(BT — n'K*) =0.016 & 0.019

Acp(BY — 1/ K*(892)T) = 0.301533

Acp(BT — nKT) = —0.27 £ 0.09

Acp(Bt — 1 K*(892)") = 0.02 4+ 0.06

Acp(BT — nK3(1430)T) = 0.05 + 0.13

Acp(BT — nK3(1430)*) = —0.45 £ 0.30
Acp(BY — wKT) =0.02 + 0.05

Acp(BT — K*(892)T70) = 0.04 4 0.29

Acp(BT — KOzt)=-0.08+0.10 (S=1.8)
Acp(BY — KTn~7t) =0.023 £0.031 (S=12)
Acp(Bt — £(980)Kt) = —0.041358 (S =1.1)
Acp(BT — £(1270)KT) = —0.59 + 0.22
Acp(BT — Xp(1550)K™) = —0.04 + 0.07
Acp(BT — p°K*) =03113%

Acp(Bt — K(1430)%7F) = 0.00 + 0.07 (S = 2.4)
Acp(BtT — K8p+) = (-0.12 4 0.17) x 107°
Acp(BT — pAn®) =0.01 £ 0.17

Acp(BY — p0K*(892)1) = 0.20 + 0.31
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Acp(BT — K*(892)1 £(980)) = —0.34 + 0.21
Acp(BT — af K%) =0.12 £ 0.11
Acp(BT — K*(892)°p*) = —0.01 4 0.16
Acp(BY — KOKT) =0.124+0.18
Acp(BT — bIKT) = —0.46 £ 0.20
Acp(BT — KTKYKY) =—-0.04+0.11
Acp(BT — KT K~ 7t) =0.00 4 0.10
Acp(BT — KTK~K*T) = —-0.017 + 0.030
Acp(BT — K*TKTK™) =10.11 £ 0.09
ACP(B+ — K*+7T+7T_) = 0.07 £ 0.08
Acp(BT — ¢K*) = —0.01 +0.06
Acp(BT — ¢K*(892)™) = —0.01 + 0.08
Acp(BT — ¢KT~)=—-0.26 £0.15
Acp(BT — nKTv) = —-0.13 + 0.08
Acp(BT — 7t 7% =0.01 + 0.06
Acp(BT — atr~7nT) = —0.01 £+ 0.08
Acp(BT — pPnt) = —0.07 +0.13
Acp(BT — £(1270)7%) = 0.00 + 0.25
Acp(BY — pt70) =0.024+0.11
Acp(BT — ptp0) = —0.08 £ 0.13
Acp(BT — bd7T) =0.05 £ 0.16
Acp(BT — wrt) = —0.04 4 0.06
Acp(BT — wpt) =0.04 £ 0.18

Acp(BT — nnT)=-0.16 £0.07 (S=1.1)
Acp(BT — n/7%) =021 40.15
Acp(BY — npT) =0.01+£0.16

Acp(BT — n'pT) = —0.04 £ 0.28
Acp(BT — ppr™) = 0.00 & 0.04
Acp(BT — ppKT) = —0.16 & 0.07
Acp(BT — ppK*(892)T) = 0.32 4+ 0.14
Acp(BT — pAy) =0.17 + 0.17

Acp(BT — KT(t¢7) = —-0.07 £ 0.22
Acp(BT — K*T¢T¢7)=0.03 +0.23

(Bt — DM KH®+) = (57 + 17)°
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B™ modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in the B:l:/B0 ADMIXTURE
section.

The branching fractions listed below assume 50% BYBO and 50% BT B~
production at the 7°(4S). We have attempted to bring older measurements
up to date by rescaling their assumed 71 (4S) production ratio to 50:50
and their assumed D, DS, D*, and ) branching ratios to current values
whenever this would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All
resonant subchannels have been corrected for resonance branching frac-
tions to the final state so the sum of the subchannel branching fractions
can exceed that of the final state.

For inclusive branching fractions, e.g.,, B — Dianything, the values
usually are multiplicities, not branching fractions. They can be greater
than one.

Bt DECAY MODES

Fraction (I;/T)

Scale factor/

p

Confidence level (MeV/c)

¢t vpanything [i] ( 10.99 +0.28 ) % -
et v X, (108 +04 )% -

D{T vpanything (104 +08 )% -

DOty lii] ( 227 £0.11 )% 2310

DOrtu. (7 +4 )x1073 1911

D*(2007)% ¢+ v, lii] ( 6.07 £0.29 )% 2258

D*(2007)0 7t v, (22 406 )% 1839

D= nt Ty, ( 42 +05 )x10-3 2306
D} (2420)° ¢ vy x ( 24 +07 )x1073 -

B(Di® — D*rn)
D3(2460)° 0T vy x ( 22 +£05 )x1073 2066
B(D3Y — D r™)
D nattyy(n > 1) ( 1.99 +£0.28 )% -
D*~ntity, 6.1 +06 )x1073 2254
D1(2420)%¢" v, x B(DY — ( 40 +£07 )x1073 2084
D**77)

D (2430)° ¢ vy x < 7 x 1074 CL=90% -
B(DY — D**n™)

D3(2460)° ¢ vy x ( 1.8 407 )x1073 2066
B(D3® — D*t ™)

700ty ( 77 +£12 )x1075 2638

an, < 101 x10~4 CL=90% 2611

aan, ( 27 +1.0 )x10~% 2553
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wﬁ’ Vy
P00ty

DO 7t
Dep(r1ym™
Dep(—1ym™

DO+

DOKT
Dcp(y1) KT
Dep(—1) K™

[K=nF]pn™

[7t 7= 70 p K~

DO K*(892)F
Dop(_1) K*(892)
Dep(+1) K*(892)"

DOKTKO

DO K+ K*(892)°

DOntnta—

DO 7t 7t 7~ nonresonant

DO 7+ 0
DO a1 (1260)F

HTTP://PDG.LBL.GOV

[iii]
[iii]

( 13 +0.6
( 1.28 +0.18
5.2
9.8
1.7
( 14
2.0
5.2

+0.4

Inclusive modes

( 86 =+0.7
(79 +4
( 25 +05

99 +1.2

(
+14
(79 13

+0.45
( 1.10 032

+0.9
—0.6

+1.1
( 28 209

(97 +4

+2.2
—-1.8

(120 +6

( 21

( 23.4

D, D*, or D¢ modes

Liif]
Liif]

Liif]
Liif]
[kkK]

Liif]
Liif]

Page 63

4.84 £0.15
1.96 +£0.34

1.8 £04

1.34 £0.18
4.02 £0.21
1.81 +£0.27

1.73 £0.23

1.7 £05
46 =+09
53 +04
1.7 £0.7

52 +£1.2

55 +1.6
75 17
1.1 £04
5 +4
42 =+£3.0
4 +4

e N e e e e e e e e e e e e T e T

) X 10~4
) x 10~4
x 103
x 100
x 100
) x 10~4
x 10~4
x 1075

) %
) %
) %
) %
) %
) %
) %
) %
) %
) %
) %

) x 1073
) x 1073
) X 103
) %

) x 10~4
) x 10~4
) x 10~4
) x 1072
) x 1076
) x 10~4
) x 10~4
) x 10~4
) x 10~4
) x 10~4
) %

) X 103
) x 1073
) x 1073

CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

2582
2583
2467
2640
2639
2341
2640
2639

2189
2071
2289
2289
2207
2123
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DOwrt
D*(2010)" nt 7t
D= ntnt
D+ KO
D*(2007)% 7+
D*(2007)%wr
D*(2007)° p*
5*(2007)0K+
D*(2007)° K*(892)*
D*(2007)° K+ KO
D*(2007)° K+ K*(892)0
D*(2007)% 7t 7t x
D*(2007)° ‘;;1(1260)+
D*(2007)° r =7t 7t 70
D037t 27—
D*(2010)* 7
D*(2010)*
D*(2010)~
D*(2010)~
'EMOW+
D} (2420)° 7

D1(2420)° 7 x B(DY —

DOrt ™)
D3(2462)0 7+

x B(D3(2462)° —
D}(2400)°0 7

x B(D§(2400)° —
D1(2421)0 7t

x B(D1(2421)° —
D3(2462)0

x B(D3(2462)° —
D} (2427)° 7

x B(D(2427)°

D1(2420)% 7+ xB(DY —

B DOt )
D7 (2420)% p*
D3(2460)% 7+

D3(2460)° 7T xB(D30 —

B DOt a)
D3(2460)% pT
DODT

S
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<

~ AN A~~~

(

41 409 )x103
1.35 +0.22 ) x 10~3
1.02 £0.16 ) x 10~3
5.0 x 1076
519 +0.26 ) x 1073
45 +12 )x1073
9.8 +1.7 )x1073
4.16 +0.33 ) x 10~4
8.1 +14 )x107%
1.06 x 103
15 404 )x10~3
1.03 +0.12 ) %

1.9 +05 )%

1.8 +04 )%

57 +12 )x1073
1.7 x 10~4
9.0 x 106
15 +07 )%

26 +04 )x1073
59 +13 )x1073
15 406 )x10~3

Tog ) x 107

34 +08 )x107%

6.1 +1.9 )x10~%

6.8 +15 )x10~%
1.8 +05 )x10~%

50 +12 )x10~4

6 x 10—6
1.4 % 10—3
1.3 x 10~3

2.2 % 1072

47 x 10—3
1.03 £0.17 ) %

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

2206
2247
2299
2278
2256
2149
2181
2227
2156
2132
2008
2236
2062
2219
2196
2255
2225
2235
2217

2081
2081

2113

2081

1995
2063
2063

1976
1815
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+ DO x

2317)" — D} n0)

D (2317)1 DO x
B(Dso(2317)" — D:ty)

Dso(2317)T D*(2007)° x
B(Dso(2317)" — DI 79

D, ;(2457)* D°

D, 7(2457)+ DO x
B(D;(2457)* — D7)

D, 7(2457)T DO x
B(D,;(2457)T —
D:_7T+7T_)

D, 7(2457)T D° x
B(D,,(2457)" — DI )

D, 7(2457)+ DO x
B(Ds(2457)" — DIty)

D, 7(2457)F D*(2007)°

D, 7(2457)" D*(2007)° x

 B(Dys(2457)" — D7)

DO Dy (2536) % x
B(Ds1(2536)" —

_ D*(2007)°K™)

D*(2007)° Ds1(2536)F x
B(Ds1(2536)" —

_ D*(2007)°K™)

D° D,;(2536) T x
B(Ds1(2536)t — D*t K9)

DO D, ;(2700)T x

_ B(Dys(2700)" — DOKT)

D*0 D41 (2536)T x

_ B(Ds1(2536)T — D*TKO)

D*0 D, ;(2573)* x

_ B(Dss(2573)T — DOKT)

D*(2007)° D, 7(2573)F x

_ B(Dyy(2573)" — DOKT)

DOD:

D*(2007)° D

D*(2007)° DT

[)(*)*‘Zj**o

_s

D*(2007)° D*(2010)*

Dqo(2317
B([)so
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A~ A~ A~ o~~~

( 75

7.6

( 31

( 48

2.2

2.7

9.8

( 120

( 113

7.8
8.4
1.75
2.7
8.1

Page 65

22 yx1074

x10~4 CL=90%

+7  )x10~4

| +

)><10_3

| +
e oM
—~Ww Lo

) x 10~4

x10™4  CL=90%

x10~4 CL=90%
x10™4  CL=90%

+0.30 ) %
Tog )x1073

+0.7 )x 104

+16 )x 104

+1.1 )x 104

53800

+26 )x 1074
x10~4 CL=90%
x10~4 CL=90%

+16 )x 1073
+17 )x 1073
+0.23 ) %
+12 )%
+17 )x 104

1605

1605

1511

1447

1338

1447

1338

1306

1306

1734
1737
1650

1713

Created: 7/18/2008 14:28



Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

D® D*(2010)* +
D*(2007)° Dt

D D*(2010)*
DO D+
DODT KO
D+ D*(2007)°
D*(2007)° D+ K9
DO D*(2010)+ KO
D*(2007)° D*(2010)* K©
DOpOK+
D*(2007)° DO K+
DO D*(2007)° K+
D*(2007)° D*(2007)° K+
D~ Dt Kt
D~ D*(2010)T K+
D*(2010)~ DT K+
D*(2010)~ D*(2010)" K+
(D+D*)(D+D*)K
D: 70
[):+1FO
Dgﬂ
i
Dlp
[):+—p0
D;rw
D:+w
DY a1(1260)°
D¥" a1(1260)°

+
f;i%?ib

s JE—
DY KO
[):4-7?0
DY K*(892)°
D¥" K*(892)°
DS_ rt Kt
Dy~ Tt KT
D_ mt K*(892)"
D¥™ 7t K*(892)*
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1.30

3.9
4.2
2.8
6.3
6.1
5.2
7.8
2.10
3.8
4.7
5.3
4

7
1.5
1.8
35
1.6
2.7
4

6
3.1
4

4

6
1.8
1.4
1.9
1.2
9

N~ oo N B~ A~ O

%

+05 )x 104
+0.6 )x 104
x 10~3
+17 )x 104
x 10~3
+12 )x 1073
+26 )x 1073
+0.26 ) x 1073
x 1073
+1.0 )x 1073
+16 )x1073
x 104
x 10~4
+0.4 )x 1073
x 1073
+£06 )%
+0.6 )x107°

x 10— 4
x 10~4
x 10— 4
x 10~4
x 104
x 10— 4
x 10~4
x 103
x 1073
x 100
x 1072
x 10— 4
x 10~4
x 10— 4
x 104
x 10—4
x 10~4
x 103
x 1073

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

1792

1792
1866
1571
1791
1474
1476
1362
1577
1481
1481
1368
1570
1475
1475
1363

2270
2215
2235
2178
2197
2138
2195
2136
2079
2014
2141
2079
2241
2184
2172
2112
2222
2164
2138
2076
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Charmonium modes

ne KT ( 91 +13 )x10~4 1753
ne K*(892)* (12 97 yx1073 1648
nc(2S)K™ ( 34 +18 )x10% 1320
J/Y(1S)KT ( 1.007+0.035) x 10~3 1683
J/Y(AS)K Tt ™ ( 1.07 £0.19 )x 1073  S=19 1612
he(1P)K™ x B(he(1P) — < 34 x 1070 CL=90% 1401
Jprt )
X(3872) KT < 32 x 10~4 CL=90% 1140
X(3872) Kt x B(X — ( 1.14 £0.20 ) x 1075 1140
J/prtnT)
X(3872) KT x B(X — J/17) ( 33 +10 )x1070 1140
X(3872) Kt x B(X — DODO) < 6.0 x 1072  CL=90% 1140
X(3872) K+ x B(X — < 40 x 107 CL=90% 1140
D+ D7)
X(3872) K+ x B(X — ( 1.0 +04 )x1074 1140
DO DO 70)
X(3872) K+ x B(X — ( 1.7 +06 )x1074 1140
5*0 DO)
X(3872) KT < 77 x 1076  CL=90% 1140
x B(X(3872) — J/u(1S)n)
X(3872)T KO x B(X(3872)F 4mmm] < 2.2 x 1075 CL=90% -
J/p(AS)at70)
X(4260)°K* x B(X? — < 29 x 1075 CL=95% -
JpntrT)
X(3945)0K* x B(XY — < 14 x 1075 CL=90% -
J/¥7)
Z(3930)°K* x B(Z° — < 25 x 1070 CL=090% -
J/¥7)
J/¢(1S) K*(892)F ( 1.43 £0.08 ) x 103 1571
J/¥(1S)K(1270)* ( 1.8 405 )x103 1390
J/9(1S) K(1400)* < 5 x 1074 CL=90% 1308
J/Y(1S)n KT ( 1.08 +£0.33 ) x 1074 1509
J/Y(1S)n KT < 88 x 1072 CL=90% 1273
J/Y(1S)p KT ( 52 +1.7 )x107° S=12 1227
J/p(S)mt ( 49 406 )x107>  S=15 1727
J/(18)pT ( 50 +08 )x1075 1611
J/(1S) 7+ 70 nonresonant < 73 x 1070 CL=90% 1717
J/1(1S)a1(1260)" < 12 x 1073 CL=90% 1415
J/(1S) pA ( 118 +0.31 ) x 107> 567
J/(18)Z%p < 11 x 1075 CL=90% -
J/¥(1S) Dt < 12 x 1074 CL=90% 870
J/(1S) DO nt < 25 x 1072  CL=90% 665
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P(2S)KT

¥(25) K*(892)T
YRS)KTntm™

Y(3T70) KT

Y(3770) K+ x B(yp — DODY)

»(3770) KT x B(y — D+ D7)

Xcom™ XB(xco — 7t77)
XcO(lP)K+

Xco K*(892)"

Xc2 K+

Xc2 K*(892)
Xcl(lP) mt
Xcl(]-P) K+
Xc1(1P)K*(892)*
hCK+

KOrt

K+ 70

n KT

n K*(892)*

nK*

nK*(892)*

nKg(1430)*

nK5(1430)"

wKTt

wK*(892)F

a0(980) " KO xB(ap(980)* —
nm)

a0(980)° K xB(ap(980)° —
nm0)

K*(892)0 nt

K*(892)1 70

KTtn—nt
KT 7~ w1 nonresonant

KT £(980) x B((980) —
ataT)

£,(1270)° K+

fo(1370)0 K+ x
B(£(1370)° — =t 77)

p°(1450) K+ x

B(p°(1450) — 7t 77)

HTTP://PDG.LBL.GOV

( 6.48 +0.35 ) x 10~4 1284

( 67 +14 )x10~4 S=1.3 1115

( 1.9 +12 )x10~3 1178

( 49 +13 )x10~4 1218

( 1.6 +04 )x10~4 S=1.1 1218

( 94 +35 )x107° 1218
< 3 x10~7  CL=90% -

4+0.23 —4

( 140 Tg75 ) x10 1478
< 286 x 1073 CL=90% -
< 29 x 1072  CL=90% -
< 12 x 1072  CL=90% -

( 22 +05 )x107° 1467

( 49 +05 )x10~4 S=15 1412

( 36 +09 )x10~% 1265
< 38 x 107° -

K or K* modes

( 231 +£0.10 ) x 1072 2614

( 1.29 +0.06 ) x 1072 2615

( 7.02 £0.25 ) x 102 2528

( 49 +20 )x10°° 2472

( 27 +09 )x100 S=3.3 2588

( 1.93 +0.16 ) x 107 ° 2534

( 1.8 +04 )x107° -

( 91 +3.0 )x107° 2414

( 67 +08 )x107° S=1.8 2557
< 34 x 1070 CL=90% 2503
< 39 x 1070  CL=90% -
< 25 x 1070 CL=90% -

( 1.09 +0.18 ) x 102 S=2.1 2562

( 69 +24 )x10° 2562

( 55 +07 )x107° S=26 2609

(6 T8 )x107® s=61 2600

0.8 -
(92 T9% )x1076 2524
0.4 -

(13 T9g )x1076 -
< 107 x 1072  CL=90% -
< 117 x 1072  CL=90% -
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fo(1500) K+ x B(fy(1500) —

Tt )
f5(1525) KT x

B(f5(1525) — nt77)

K+ ,00
K3(1430)0 7
K35(1430)0 7
K*(1410)% 7+
K*(1680)0 7t
K-ntnt
K~ 7 7t nonresonant
K1(1400)0 7+
KOrt 70
f(oﬁf+
K*(892) T 7t 7w~
K*(892)T p°
K*(892) £5(980)
af KO
K*(892)0 pT
K*(892)* K*(892)°
K1(1400)* 0
K3(1430)* p°
Kt KO
KOK+ 70
+ 10 40
P
shsT
KTK—nt
KT K~ 7t nonresonant
K+ K*(892)°
KT K§(1430)°
KTKtn™
KT K+ 7~ nonresonant
KT x B(b) — wn?)
K* T nt K~
K*t KT n—
KtK— Kt
Kt ¢

f5(980) K x B(£(980) —

Kt K™)
a>(1320) KT x

B(2,(1320) — KT K™)

f5(1525) KT x

B(f5(1525) — KT K™)
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4.4

3.4

4.2
4.7
6.9
4.5
1.2
1.8
5.6
2.6
6.6
8.0
7.5
6.1
5.2
3.5
9.2
7.1
7.8
1.5
1.36
2.4
1.15
3.2
5.0
7.5
1.1
2.2
1.3
8.79
9.1
1.18
6.1
3.37
8.3
2.9

1.1

4.9

x 100

x 100

) x 1076
) x 1072
x 1076
x 1072
x 1072
x 1076
x 1070
x 103
x 1072
) x 1070
) x 1072
x 1076
) x 1076
) x 1072
) x 1076
x 1070
x 10~4
x 103
+0.27 ) x 1070
x 1072

40.13 ) x 1072
x 1076

+0.7 )x 1070
x 1070

x 1076

x 1076

x 106

x 1072

+2.0 )x 1070
x 1072

x 106

+0.22 ) x 107°
+0.7 )x 1070
x 106

+0.5
+0.5

+1.5
+1.0

+1.3
+0.7
+1.5

x 100

x 100

CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S=1.4
CL=90%

CL=90%

CL=90%

2398

2392

2559
2445
2445
2448
2358
2609
2609
2451
2609
2558
2556
2504
2468

2504
2484
2387
2381
2593
2578
2521
2577
2578
2578
2540
2421
2578
2578

2524
2524
2522
2516
2524

2449

2392
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Xo(1550) KT x
B(Xp(1550) — Kt K™)

8

1.7

2.8

3.6
1.05
1.1
3.4

4.9

2.5
4.03
4.3
9.4
4.2
3.5
2.76

2.0

2.0
9.2
4.6
15
1.4
1.9
3.9
9.9

8.8

5.7
1.62
8.7
3.0

8.2
2.3
3.0

4.1

( 43 +07 )x10°°

x 107
+1.0 )x 1070

T8 )x107®

+05 )x107°
4+0.15 ) x 107°
x 10~3
x 10~3

fgg ) x 10~6

x 102
4+0.26 ) x 1072
+13 )x107°
+1.1 )x 1070

x 100
+0.6 )x 1070
+0.22 ) x 107°

Toe )x107°

x 1072
x 106
+05 )x107°
x 102
+0.4 )x107°
x 103
x 1072
x 103

T35 )xw0’

+05 )x 1070
40.15 ) x 1072
+1.1 )x 1070

x 106

+25 )x 1070
x 100
x 1076

x 10—6

#(1680) K+ x B(¢(1680) — <
KTK™)
fo(1710) KT x B(fy(1710) — (
KTK™)
KT K~ KT nonresonant (
K*(892)t K+ K~ (
K*(892)" ¢ (
K1(1400)" ¢ <
K%(1430)" ¢ <
Kt oo (
/nl K+ <
K*(892) T~ (
K1(1270)* v (
KTy (
n KT~y <
PKTy (
Ktr—nty (
K*(892)0 7t~ (
K+ pofy <
KT 7~ 7T~ nonresonant <
KOnt 70~ (
K1(1400)™ v <
K3(1430) 1~ (
*(1680) " v <
K3%(1780) T v <
K3 (2045) 1~ <
Light unflavored meson modes
pty (
a0 (
atata~ (
POt (
7T 15(980) x B(£,(980) — <
7r+7r_)
T 1(1270) (
(1450)%+ <
f0(137 T xB(f(1370) — <
atm )
fo(600) 7 x B(£,(600) — <
Tt
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CL=90%

5=3.3

S=1.4
CL=90%
CL=90%

5=2.9
CL=90%

CL=90%

S=1.2

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

S=1.4

CL=90%

CL=90%

CL=90%

CL=90%

2344

2329

2522

2466
2460
2339
2332

2306

2564
2486
2588

2516
2609

2562

2559
2609
2609
2453
2447
2360
2341
2244

2583

2636
2630
2581
2547

2484
2434
2460
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7T 7~ 7T nonresonant < 46
ata0nx0 < 89
pt a0 ( 1.09
atr—at a0 < 4.0
ptp° (18
pT 15(980) xB(£(980) — < 19
Tt rT)
a1(1260)* 70 ( 26
a1(1260)0 7+ ( 20
b(1)7r+>< B b(l) — wn9) ( 6.7
wrT ( 6.9
wpT ( 1.06
nmT ( 4.4
77'7r+ ( 27
n' pt (87
npt (54
ot < 24
dpt < 16
a0(980)% 7+ xB(ap(980)° — < 58
n)
a0(980)+ 70 x B(aar — nrt) < 14
rtatato— o~ < 8.6
p%a1(1260)F < 62
p%ap(1320)F < 72
atatata— a0 < 6.3
a1(1260)% a;(1260)° < 13

Charged particle (h%)

h:l: = Kj: or 7r:l:

ht 70 ( 16
whT ( 1.38
h+X0(Fami|on) < 49

Baryon modes

pprT ( 1.62
pp7T nonresonant < 53
pﬁﬂ'"" nta~ < 5.2
ppK™T ( 5.9
O(1710)T T p x [nnn] < 9.1

B(O(1710)™" — pK™)
f1(2220) KT x B(f;(2220) — [nnn] < 4.1
pP)
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x 1070
x 10~4
+0.14 ) x 107°
x 10~3
+0.4 )x 1072
x 1076

+0.7 )x107°
+0.6 )x107°
+2.0 )x107°
+05 )x 1070

+0.26
—-0.23

+0.4 )x 1070
+1.0 )x 1070

jg'? ) x 10~6

+1.9 )x107°
x 10~ 7
x 1079
X 10_6
x 10~6
X 10_4
x 10~ 4
X 10_4
X 10_3
%

modes

fgg ) X 10—°

90
X 10_5

+0.20 ) x 1070
x 1072
x 10~4
+05 )x 1070
x 108

x 10~ 7

) x 107°

CL=90%
CL=90%

CL=90%
S=1.5
CL=90%

S=1.1
S=2.1

S=1.6
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%

S=1.5
CL=90%

CL=90%

2630
2631
2581
2621
2523
2487

2494
2494

2580
2522

2609
2551

2492

2553
2539
2480

2608
2433
2410
2592
2335

2636

2580

2439
2439
2370
2348

2135
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pA(1520) < 15 x 1070  CL=90% 2322
pp KT nonresonant < 89 x 1075 CL=90% 2348
ppK*(892)™ ( 66 +23 )x107° S=1.3 2215
f1(2220) K** x B(f;(2220) — < 77 x10~7 CL=90% 2059
_ pP)
p/ < 32 x10~7 CL=90% 2430
pAy (25 92 )x1070 2430
pAr0 ( 30 *3L )x10-6 2402
pX(1385)° < 47 x 1077  CL=90% 2362
ATA < 82 x 10~7  CL=90% -
pXy < 46 x 10760  CL=90% 2413
pAnt o~ < 20 x 1074 CL=90% 2367
AATT < 28 x 1070  CL=90% 2358
AAKT (29 39 )x1076 2251
Ap < 1.38 x 1076  CL=90% 2402
ATTp < 14 x 107 CL=90% 2402
DT pp < 15 x107° CL=90% 1860
D*(2010)" pp < 15 x107° CL=90% 1786
A prt ( 21 £06 )x10~% 1980
AZA(1232)1F < 19 x107° CL=90% 1928
AZ Ax(1600) T ( 59 +19 )x107° -~
Al Ax(2420)TF ( 47 416 )x107> -
(AZp)s™ [ooo] ( 3.9 +£1.3 )x107° -
AZ prta® ( 1.8 406 )x10~3 1935
A prtata™ ( 23 £07 )x1073 1880
A prtata a0 < 134 % CL=00% 1822
ATAZKT (7 +4 )x1074 -
3 (2455)%p ( 37 +13 )x1075 1938
3 .(2520)%p < 27 x 1075 CL=90% 1904
3 (2455)0 p70 ( 44 +18 )x104 1896
3 (2455) prr— T ( 44 +17 )x10~% 1845
> (2455) " prt ot ( 28 +12 )x1074 1845
Ac(2593)™ /A (2625) prt < 19 x 1074 CL=90% -
SN X B(EY —» =t q7) (56 27 )x1070 1143
AT x B(EY - AKTT) ( 40 +16 )x107° 1143
Lepton Family number (LF) or Lepton number (L) violating modes, or
AB = 1 weak neutral current (B1) modes
AN BI < 12 x10~7 CL=90% 2638
nTete BI < 18 x10~7 CL=90% 2638
atut B1 < 238 x 10~/ CL=90% 2633
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AN BI < 10 x 1074 CL=90% 2638
Ktete B1 [ii] ( 44 TJ8 )x1077  s=11 2616
Ktete™ BI ( 49 +1.0 )x10~7 2616
Kt pt BI ( 39 733 yx1077 2612
KTov B1 < 14 x 107 CL=90% 2616
pT VT BI < 15 x 1074 CL=90% 2583
K*(892)T ¢t ¢~ Bl [ii] (7 45 )x10~/ 2564
K % (892)Tvw BI < 14 x 1074 CL=90%  —
K*(892)T et e~ BI (8 +8 )x10~ '/ 2564
K*(892)F put pu~ BI (8 T5 x0T 2560
et u~ LF < 64 x 1073  CL=90% 2637
eyt LF < 64 x 1073  CL=90% 2637
aterp T LF < 17 x10~7 CL=90% 2637
Ktet ™ LF < 91 x 1078 CL=90% 2615
Kte u™ LF < 13 x10~7 CL=90% 2615
KT et T LF < 91 x 1078  CL=90% 2615
Kt utrT LF < 77 x 1075  CL=90% 2298
K*(892)T et ™ LF < 13 x 1070  CL=90% 2563
K*(892)T e~ u™ LF < 99 x10~7 CL=90% 2563
K*(892)* et 1T LF < 14 x 1077  CL=90% 2563
7 eTeT L < 16 x 1070 CL=90% 2638
TpuT T L < 14 x 1070  CL=90% 2633
T et T L < 13 x 1070  CL=90% 2637
p~etet L < 26 x 1070 CL=90% 2583
p L < 5.0 x 1070 CL=90% 2578
p- et T L < 33 x 1070  CL=90% 2582
K~ eTem L < 1.0 x 1076  CL=90% 2616
K=t put L < 1.8 x 1070 CL=90% 2612
K= etpu™ L < 20 x 1070  CL=90% 2615
K*(892)" et e™ L < 28 x 1070 CL=90% 2564
K*(892) ut ™ L < 83 x 1070 CL=90% 2560
K*(892)~ et u™ L < 44 x 1070  CL=00% 2563
B° 1(JF) = 3007)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.
Mass mgo = 5279.53 + 0.33 MeV
mgy — mge = 0.37 £ 0.24 MeV
Mean life 7 go = (1.530 & 0.009) x 10712 s
cr = 458.7 um
Tg+/Tgo = 1.071 £ 0.009  (direct measurements)
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BO-B° mixing parameters

Xd = 0.1878 + 0.0024
Amgy = mgy — mpge = (0.507 + 0.005) x 10" fi s~ 1
H L

= (3.337 + 0.033) x 10710 MeV
Xg = Ampgo /T go = 0.776 + 0.008
Re()\cp / })‘CPD Re(z) = 0.01 £ 0.05
AT Re(z) = —0.007 + 0.004
Re(z) = 0.00 + 0.12
Im(z) = —0.015 =+ 0.008

CP violation parameters
Re(ego)/(1+|€ego]?) = (—0.1 + 1.4) x 1073
AT /cp = 0.005 + 0.018
Acp(B® — D*(2010)* D~) = —0.06 + 0.09 (S = 1.7)
Acp (B - Ktm~) = —0.101 + 0.015
Acp(BY — 1/ K*(892)°%) = —0.08 + 0.25

Acp(B® — nK*(892)%) = 0.19 + 0.05
Acp(B® — KOKO) = (-0.6 +0.7) x 107°
Acp(B° K3(1430)°) = 0.06 = 0.13

nK3(1430)%) = —0.07 + 0.19
pTK™)=-0.084+024 (S=17)
Kt7n=70) =0.07 £ 0.11
K*(892)T7~) = —0.05 + 0.14
K*(892)° p%) = 0.09 + 0.19

a] K*) = —0 16 & 0.12
K*(892)° 7t 7~) = 0.07 4+ 0.05
K*(892)0 K+ K~) = 0.01 £ 0.05
K*(892)°¢) = —0.01 + 0.06
K*(892)°K—71t) =02 + 0.4
¢(Km)i0) =0.17 £ 0.15

¢ K3(1430)%) = —0.12 £ 0.15
pTm7)=0.08+0.12 (S=20)
p~mT)=-0.164+023 (S=17)
p°7m0) = —0.5+ 0.5

a1(1260)* 7 F) = —0.07 & 0.07
by7T) = —0.05 £ 0.10
K*(1430)~) = —0.08 4 0.15
ppK*(892)%) = 0.11 + 0.14
pAr~) = —0.02 £ 0.10

by KT) = —0.07 £ 0.12

W
T e
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Cpe(010)- p+ (B — D*(2010) D*) = 0.23 + 0.13
Sp*(2010)- D+ (B — D*(2010)~ DT) = —0.55 + 0.21
Cor(ao10)¢ p- (B® = D*(2010)¥ D7) = 0.01 +
0.26 (S = 2.0)
Sp+(2010)* D (B® — D*(2010)" D) = —0.74 + 0.19
Cpt pre (B® — D*FD*7) = 0.02 £ 0.10
Spe+ ps— (B = D*tD*~) = —0.67 +0.18
C. (B® — D**D*") = —0.05=+0.14
Sy (B® —» D*rD*) = —0.72+£0.20
C_(BY— D**D*")=02+07
S_ (B D*D*)=-18+11

C (B® — D*(2010)* D*(2010)~ K%) = 0.01 + 0.29
S (B® — D*(2010)* D*(2010)~ K%) = 0.1 + 0.4
Cphip- (B®— DTD™)=-04+05 (S=31)

Sp+p- (B® = DY¥D™) = -081+£029 (S=11)
CJ/p(15) 70 (B — J/(18)7%) = —0.11 4 0.20
S J/u(15) 0 (B® — J/4(1S)7%) = —0.69 + 0.25

Cot o (B7 = DY) %) = —023 + 0.16

SD(S)p o (BY — DY), ) = —0.56 + 0.24

Skog (B = KSKG) =-13+08

Cka kO (B — K2KQ)=—04+0.4

C.y(958) K (B — 1/(958)K2) = —0.04 £ 0.20 (S = 2.5)
S,y (958) K (B — 1/(958)K2) = 0.43 £0.17 (S = 1.5)

Crxo (BY — 1/ K%)= —0.00 +0.08 (S =15)

Syko (B® — 7' KP) = 0.61 + 0.07

Coxo (B® = wK$) = —025+031 (S=16)

S,k (BY = wKg) =035+029

Coosoy e (B° = H(9BO)KG) = —0.03 026 (S =19)
Speosoy ko (B° = H(9B0)KY) = —0.02£021 (S =11)

Cis ke ks(B® — KsKsKs)=—0.15+0.16 (S=11)
Sks ks ks(B® — KsKsKs)=—04+05 (S=25)

Ckr kKO (B - KTK~K2)=0.07+0.08
0 - k0) — +0.12
Sk+K-KQ (B = KTK~KZ) =—-0.74"715

C

i k- ko (BY = KT K™ K% inclusive) = 0.01 + 0.09
S
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Sk+ K- KQ (B = K* K~ K2 inclusive) = —0.65 = 0.12

C¢K% (B —» ¢K%)=—-0.01 +£0.12

5¢K% (B — ¢K%) =039 +0.17

Cpo 0 (B — K%7%) =0.14 £ 0.11
S

SKQ 0 (B° — K270 =0.38 + 0.19

C(B°— K%n0n0)=02+05

S(BY — K%WOWO) =0.7+0.7

Cho n0, (B = K§709) =00+ 04 (S=21)
Sk 50, (B = K3107) = —0.01 £ 0.30
Ci-(aony~ (BY = K*(892)°7) = —0.12 +0.30 (S = 1.8)
Sk (so2)0 (B® — K*(892)°7) = —0.27 + 0.26
C(BY — p%9)=04405

S(BY - p%9)=-08=+07

Con (B = 7t77)=-0384+0.17 (S =2.6)
Spx (B = wt7™) = —0.61 + 0.08

Co.0(B° — 7070) = —0.48 £ 0.30

Cor (B — ptr™)=001+014 (S=109)
Spr (B® — pTr™) =0.01+0.09

AC,, (B — pTr™) =0.37 +0.08

or (B — pT7r™) = —0.05+0.10

Cono (B = pn0) = —0.1+07

Spoﬂo (B —» p°70)y=01=+04

Cayr (B® — 21(1260)T ) = —0.10 + 0.17
Sayn (B® — a1(1260)* 77) = 0.37 £ 0.22
AC, . (B® — a1(1260)* 77) = 0.26 £ 0.17
AS, = (B® — a1(1260)" 77) = —0.14 £ 0.22
C(BY— by KT)=-022+024

AC (BY — by nt) =—1.04+0.24

Co K (B — pPK%) =0.6 £0.5
S0 K (B — p°K2)=02+06

Cop (B — pTp~)=—0.05+0.13

Syp (BY = pTp~)=—-0.06 + 0.17

IA] (B® — ccKP) = 0.988 + 0.020

IA| (B — J/ipK*(892)°) < 0.25, CL = 95%

cos 26 (BY — J/YK*(892)°) = 1.7F 0% (S = 1.6)

cos 28 (B — [Keata~]pm 0) =1.013% (S=18)
(Sy +S_)/2(B% — D* nt) = —-0.037 4+ 0.012

HTTP://PDG.LBL.GOV Page 76 Created: 7/18/2008 14:28



Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

(S —S.)/2(B° — D* nt) = —0.006 + 0.016
(Sy +S_)/2(B° - D~ nt) = —0.046 + 0.023

(S_ —S,1)/2(B° - D= nt)=—0.022 + 0.021

(Sy +S_)/2(B° — D~ pt) = —0.024 + 0.032

(S_ —S4)/2(B°— D pt)=-0.10+0.06

sin(23) = 0.678 + 0.025
)y KO (BY — J/iK®) = —0.018 & 0.025

S)pko (B® = J/pKO) = 0.642 + 0.035
sin(205)(B® — ¢ K9) = 0.22 + 0.30

sin(28ef)(B® — KT K~ K%)= 077103
sin(20r) (B — [KYat 7] 5 h°) = 0.45 £ 0.28
Al (BY — [KE7t 7] AO) = 1.01 £ 0.08
|sin(28 + v)| > 0.40, CL = 90%

a = (96 + 10)°

BO modes are charge conjugates of the modes below. Reactions indicate
the weak decay vertex and do not include mixing. Modes which do not
identify the charge state of the B are listed in the B~ /B0 ADMIXTURE
section.

The branching fractions listed below assume 50% BYBO and 50% BT B~
production at the 7(4S). We have attempted to bring older measurements
up to date by rescaling their assumed 7T(4S) production ratio to 50:50
and their assumed D, Ds' D*, and ) branching ratios to current values
whenever this would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All
resonant subchannels have been corrected for resonance branching frac-
tions to the final state so the sum of the subchannel branching fractions
can exceed that of the final state.

For inclusive branching fractions, e.g.,, B — Dianything, the values
usually are multiplicities, not branching fractions. They can be greater

than one.
Scale factor/ p
B0 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
(T vpanything [i] ( 10.33+0.28) % -
et v, X, (101 +0.4 )% -
D/ vypanything ( 96 £09 )% -
D~ 1Ty, [i] ( 2.1740.12) % 2309
D= 17uv. ( 1.0 £0.4 )% 1909
D*(2010)~ ¢t v, [i] ( 5.1640.11) % 2257
D*(2010)~ 7T v, ( 1.6 £05)% S=12 1837
DOn= ¢ty ( 43 £0.6 )x 1073 2308
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D§(2400)~ ¢+ vy x ( 2.0 £09 )x1073 —
B(Dy™ — D%n)

D%(2460)~ (T vy x ( 22 406 )x1073 2067
B(D;~ — D%n7)
D nmety,(n > 1) ( 24 £05)% -
D*0n= ¢ty ( 49 £0.8 )x 103 2256
D1(2420)~ £ vy x ( 54 +21)x103 -
B(D; — D*977)

D(2430)~ (T vy x < 5.0 x 1073 CL=90% -
B(D]” — D*977)

D%(2460)~ (1 vy x < 3.0 x 103 CL=90% 2067
B(D5~ — D*0n7)

AR’ [il] ( 2.4740.33)x10~% 2583
T Ty, [i] ( 1.3640.09) x 104 2638
Inclusive modes
K= anything (78 +8 )% -
DO X ( 81 +15)% —
DY X (474 +£28 )% -~
DT X < 39 % CL=90% -
D~ X (369 £33 )% -
D¥ X (103 T2 )% —~
D, X < 26 % CL=90% -
AT X < 31 % CL=90% -
A X ( 50 T332 )% -
cX (95 +5 )% -
cX (246 +£3.1 )% -
ccX (119 +6 )% -
D, D*, or Dg modes
D= rnt ( 2.6840.13) x 103 2306
D~ pT ( 77 £13 )x10°3 2235
D~ KOrt ( 4.9 £0.9 )x10~4 2259
D~ K*(892)* ( 45 +07 )x 1074 2211
D~wn™T ( 2.8 +£0.6 )x 1073 2204
D~ KT ( 2.0 +£06 )x 104 2279
D~ Kt KO < 31 x 1074 CL=90% 2188
D~ Kt K*(892)° ( 88 +£1.9 )x1074 2070
DOrt o~ ( 8.4 £0.9 )x 104 2301
D*(2010)" 7+ ( 2.7640.13) x 103 2255
D ntrtn~ ( 80 +25)x1073 2287
(D~ 7wt 7T 77 ) nonresonant ( 39 +1.9 )x103 2287
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D nt pO
D~ a1(1260)"
D*(2010)~ 7wt 70
D*(2010) p*
D*(2010)~ K+
D*(2010)~ KOzt
D*(2010)~ K*(892) "
D*(2010)~ KT K?
D*(2010)~ K+ K*(892)°
D*(2010) 7t 7t w
(D*(2010)" wt 7T
resonant
D*(2010)~ 7+ p°
D*(2010)~ a1(1260)+
D*(2010)" w7t ™ 70
D*=3nxt 21~
D*(2010)~ pp7r
D*(2010)" p
D*(2010)" w
D1(2430)0w X
B(D;(2430)°
D*~ 7 T)
Zj**—
D;(2420)" 7
D~ nt77)
D1(2420)” 7+ x B(Dl_ —
D*~ 7t 77)
D3(2460)" 7+
B(D3(2460)~ — D7)
D§(2400)~ 7+
B(Dg(2400)~ — DO%7)
D3(2460)~ nt xB((D3)~
D*=ntr™)
D3(2460)~
DO DO
[)*0230
D— Dt
D~ DY
D*(2010)~ D}
D™Dt
D*(2010)~ D"
Ds(2317)” Kt x
B(Dsp(2317)~

HTTP://PDG.LBL.GOV

T ) non-

tx B(D] —

— D 70)

A~ AN AN SN~~~

—~ o~~~

e e e e e N N N

(o (

A

A~ N AN A~~~
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11 +£1.0 ) x 1073
6.0 £3.3 ) x 103
15 £05 )%

6.8 +£0.9 ) x 10~3
2.1440.16) x 10~ 4
3.0 £0.8 ) x 1074
3.3 +0.6 )x 10~4
4.7 x 10~4
1.20+0.33) x 1073
7.0 £0.8 ) x 1073
0.0 £2.5 ) x 1073

57 +3.2 )x 1073
1.30+0.27) %

1.76+0.27) %

47 +0.9 )x 1073
6.5 +1.6 ) x 10~ 4
1.5 +0.4 ) x 1073
2.894+0.30) x 103
41 +1.6 ) x10~4

21 £1.0 )x 1073
89 T23 )x10->

3.3 x 1072
2.154+0.35) x 10~4

6.0 £3.0 ) x 10~°

2.4 x 102
4.9 x10—3
6 x 10~5
2.9 x 104

2.11+0.31) x 10~4
7.4 £0.7 )x 1073
83 +1.1 )x 103
7.6 £1.6 ) x 1073
1.7940.14) %

44 +1.4 )x107°

CL=90%

S5=13

CL=90%

CL=90%

CL=90%
CL=90%
CL=90%

S=1.2

2206
2121
2247
2180
2226
2205
2155
2131
2007
2235
2235

2150
2061
2218
2195
1707
1785
2148
1992

2064

2090

1977
1868
1794
1864
1812

1735
1731
1649
2097
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Dyo(2317)" 7

B(D, (2317) — D_ 0)

SJ(2457)

B(D, (2457) — D_ 0)

D, J(2457)
B(DSJ(2457)—

D, D¢

Dy D¢

D~ Dg*

Dso(2317)T D™ x
B(Dso(2317)F

Dso(2317)T D~ x
B(Ds(2317)" — D;*7)

Dso(2317)" D*(2010)~
B(Dso(2317)* — DI 70)

D, ;(2457)T D~

D, ;(2457)T D™ x
B(Dy7(2457)T

D, ;(2457)" D~ x
B(D, (2457)"

D, ;(2457)" D~ x
B(D, ;(2457)"
D:_7T+7T_)

D, ;(2457)T D~ x

— D 70)

— D:WO)

A\_/ \_//\

— D:_"y)

— D:+ v)

B( SJ(2457)+ — Dfn9)
D*(2010)~ D, 7(2457)"
D, ;(2457)" D*(2010) x

B( SJ(2457) — D{v)
D~ D4;(2536)*

B(D51(2536)+ — D*0KT)
D*(2010)~ D41 (2536)*

B(Ds1(2536)t — D*0KT)
D~ D4;(2536)*

B(Ds1(2536)t — D*t K9)
D*~ Dg1(2536)™

B(Ds1(2536)t — D*t K9)
D~ D, j(2573)"

B(D,s(2573)t — DOK™)
D*(2010)~ D, ;(2573)"

B(D,s(2573)t — DOK™)
D:W_
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< 25 x107° CL=90% 2128
< 94 x 10760  CL=90% -
< 4.0 %1070 CL=90% -
< 36 x 1079 CL=90% 1759
< 13 x10~4 CL=90% 1674
< 24 x 10~4 CL=90% 1583
( 9.9 +42 )x 1074  S=15 1602
< 95 x 10~4 CL=90% -
( 15 406 )x 1073 1509
( 35 +1.1 )x1073 -
(67 T1F)x1074 -
< 6.0 x10~4 CL=90% -
< 20 x 10~4 CL=90% -
< 36 x10~4 CL=90% -
( 93 +22)x1073 -
( 23 729 )x1073 -
( 1.7 £0.6 )x 104 1444
( 33 +£1.1 )x10~% 1336
( 26 +£1.1 )x10~% 1444
( 50 +£1.7 )x 104 1336
< 1 x10~4 CL=90% 1414
< 2 x10~4 CL=90% 1303
( 1.5340.35) x 1072 2270
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D+ a1(1260)~

Dj+ a1(1260)~

D;r a,

D" a,

DK™

D™ Kt

D_ K*(892)*

DY~ K*(892)"

D_ nt KO

DI nt KO

D_ mt K*(892)°

DY~ 7wt K*(892)°

DO KO

DOYK+ 7~
DO K*(892)°
D3(2460)~ K+ x

B(D3(2460)~

DY K+ 7~ non-resonant

DO K*(892)°
25*0’7
D*(2007)0 70
D*(2007)° p°
D*(2007)%
D*(2OO7)077
D*(2007)0 7t 7~

)
)
)
)

/

\I

7T
D*(2007)° KO
D*(2007)° K*(892)°
D*(2007)° K*(892)°
D*(2007) 7t 7t = w—
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— DOx

( 3.0 £0.7 )x 1072

< 6 x 104
< 6 x 10~4
< 1.9 x 1070
< 36 x 107°
< 22 x 10~3
< 18 x 1073
< 1.9 x 10~4
< 20 x 10~4

( 2.9 £05)x1072
2.2 0.6 ) x 107°
8 x 104
9 x 10~4
5 x 10~3
2.6 x 1073
3.1 x 10~3
1.7 x 1073

52 +0.7 ) x 107°
8.8 £1.7 ) x 107°
42 +0.6 ) x 107°
1.8 £0.5 ) x 107°

—~~

AN NN AN NA

~ o~~~

< 37 x 1072
2.61+0.24) x 10~4
32 405 )x 1074
12 +0.4 ) x10~4
2.02+0.35) x 10~4
1.254+0.23) x 10—4
2.594+0.30) x 10~4
1.16 x 1070
1.9 x 1070
1.1 x 1072
2.5 x 1070
( 1.7 £0.4 )x10~%
5.1 x 10~4
1.8 +£0.6 ) x 1074
1.2340.35) x 10—4
6.2 £22 ) x 10~ 4
36 +12 )x107°
< 6.9 x 107°
< 40 x 1072

( 27 £05)x1073

A

~ o~~~
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CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

S=1.6
S=11

CL=90%
CL=90%
CL=90%
CL=90%

5=1.5
CL=90%

5=1.8

CL=90%
CL=90%

2215
2197
2138

2080
2015

2242
2185
2172
2112
2222
2164
2138
2076
2280
2261

2213
2031

2308
2237
2274
2198
2235
2182
2261
2213
2258
2256
2182
2220
2141
2248
2227
2157
2157
2219
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D*(2010) D*(2010)~
E*(zom)%
D*(2010)T D~
D*(2007)° D*(2007)°
D~ DK+
D~ D*(2007)° K+
D*(2010)~ DO K+
D*(2010)~ D*(2007)° K+
D~ Dt KO
D*(2010)~ Dt KO +
D~ D*(2010)* KO

D*(2010)~ D*(2010)* K°

D*~ Dg;(2536) 1 x

B(Ds1(2536)t —
[)*%-;(0)

DO pO KO
DO D*(2007)° KO +

D*(2007)° DO KO
D*(2007)° D*(2007)° K©
(D+D*)(D+D*)K

( 82 +0.9 )x10~%
( 27 £08 )x10~%  S=15
( 61 +15)x107%  s=16

< 9

< 17

x 1075 CL=90%

1.7 £0.4 ) x 1073
46 +1.0 )x 1073

3.1 798 ) x10-3
1.18j:0.20)%

x 1073  CL=90%

( 65 +1.6 )x103

( 78 +£1.1 )x1073
( 80 +24 )x10%

< 14
< 3.7
< 6.6

x 1073  CL=90%
x 1073  CL=90%

x 1073  CL=90%

( 43 £07)%

Charmonium modes

nc}(o
ne K*(892)°
J/9(1S) KO
JIYp(1S) K+ 7~
J/(1S) K*(892)°
J/(1S)n K
J/p(1S)n KO
J/¢(15)¢>K°
J/¢(15)K(1270)0
J/¢(15)7r
J/¢(15)n
J/p(18)
J/¢(15)7r+7r_ nonresonant
J/(15)h
J/¥(18) p°
J/YP(1S)w
J/¥(1S) ¢
J/1(15)n(958)
J/?,[J(lS)KO?T+7T_
J/9(1S) KO p°
J/Y(1S)K*(892) T~
J/p(1S)K*(892)° nt

HTTP://PDG.LBL.GOV

8 £4
< 25

A~ AN AN AN~ ~

8.9 +1.6 )x 10~ 4
9.6 £33 )x 104 S=1.1
8.714+0.32) x 10~ 4
12 +0.6 ) x 1073
1.33+£0.06) x 10~3

) x 1072
x 1075 CL=90%

9.4 +2.6 )x107°
13 +£0.5 ) x 1073

95 +£1.9 ) x 10~°

(
(
( 2.0540.24) x 1072
(
(

4.6 +£0.9 )x 1072

x107% CL=90%
x 10760  CcL=90%

( 27 £0.4 )x1072

< 1.2
< 46
< 27
< 9.2
< 6.3

x10~4 CL=90%
x 10760  CL=90%
x 1075 CL=90%

1.0 £0.4 ) x 1073

8 *£4

(
( 54 +3.0)x10"4
(
(

) x 10~4

6.6 £2.2 ) x 10~ 4
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1711
2180
1790
1715
1574
1478

1479

1366
1568
1473

1360
1336

1574
1478

1365

1753
1648
1683
1652
1571
1508
1271
1224
1390
1728
1672
1716
1716
1612
1609
1520
1546
1611
1390
1514
1447

Created: 7/18/2008 14:28



Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

5 x 104
5.4 % 10— 6
1.03 x 102

1.7 £08 )x 104

4.37 x 10~4
8.3 x 10~7
1.6 x 100
1.3 x 1072
6.2 +£0.6 ) x 10~ 4
1.23 x 10~4
1.88 x 10~4
1 x 103
7.2 £0.8 ) x 10~4
1.13 x 10~4
7.7 x 10~4
2.6 x 1072
3.6 x 107°

3.9 +0.4 )x10~4
3.2 406 )x 1074

1.94+0.06) x 107°
9.8 +£0.6 ) x 1070
6.5 +0.4 ) x 10~°
3.8 £1.2 ) x 1070
1.9 x 1070
1.5940.10) x 102
1.104£0.22) x 107°
9.6 £2.1 ) x10°
5.0 +£0.6 ) x 1070

7.8 % 10— 6
1.9 % 10— 6
3.1 % 10— 6
5.3 x 102
4.2 x 10~6
4.1 x 10~ 7
9.6 129 ) x 107

X(3872)" K <
X(3872)~ K+ X [mmm] <
B(X(3872)
J/p(AS)n )
X(3872) KO x B(X — <
J/prtaT)
X(3872) KO x B(X — (
DO DO 70)
X(3872) K% x B(X — D*0DO) <
J/¢(1S)pp <
J/(1S)y <
J/4(18)D° <
$(25) K° (
Y(3770) KO x B(yp — DODO) <
Y(3770) KO x B(yp) — D~ DT) <
P(2S)KT ™ <
$(25) K*(892)° (
Xco(1P) K° <
Xco K*(892)° <
Xc2}<0 <
Xc2 K*(892)° <
Xc1(1P) K° (
Xc1(1P) K*(892)° (
K or K* modes
Kt~ (
KO 70 (
n K° (
' K*(892)° (
n KO <
nK*(892)° (
K5(1430)° (
nK;(1430)° (
w KO (
30(980)0K0>< B(ag(980)° <
0)
(980)i K¥ x B(ap(980)* — <
)
(1450) KT x <
B(ag(1450)T — nz¥)
K%XO(Familon) <
wK*(892)° <
KTK— <
f(O]ZO (
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CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

S5=1.2

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

1139

1139

1139

862
1731

877
1283
1217
1217
1238
1116
1477

1411
1265

2615
2615
2528
2472
2587
2534
2415
2414
2557

2503
2593

2592
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KS KL KY ( 62 T12)x1070 s=13 2521
K2 KLK? < 16 x 1073 CL=90% 2521
K+ n= 0 ( 3.7 £05 )x 1075 2609
Kt p~ ( 85 +28)x107%  s=17 2559
(KT 7~ 7%) non-resonant < 94 x 1076 CL=90% -
K070 [pop] ( 6.1 £1.6 )x 100 -
KO 7T 7~ charmless ( 4.48+0.26) x 107> 2609
KO 7+ 7~ non-resonant ( 1.9940.31) x 1072 -
K9 0 ( 5.4 £0.9 )x 106 2558
KO £,(980) ( 55 +£0.9 )x 1076 2524
K*(892)™ ( 98 +13)x1076 s=12 2563
K*(1430)* ( 50 738 )x10-5 -
Kitn= [ppp] ( 5.1 £1.6 ) x 1076 -
K>"(1410)jL < 38 x 1070  CL=90% -
B(K*(1410) — K97 ™)
K*(1680)" 7 < 26 x 1076 CL=90% 2358
B(K*(1680) — K97 ™)
K5(1430) " < 21 x 1070 CL=90% 2445
(K*(1430) — KOzt)
f5(980) KO x B(£y(980) — (76 39 )x1070 2524
ataT)
£,(1270) KO x B(f(1270) — < 14 x 1070 CL=00% 2459
ataT)
K*(892)0 70 < 35 x 1076 CL=00% 2563
K%(1430)" < 18 x 1072 CL=90% 2445
KOK—nt < 18 x 1075 CL=90% 2578
KOKO 4 K*OKO < 19 x 10~6 -
KTK—x0 < 19 x 1075 CL=00% 2579
KOK+ K~ ( 2.4740.23) x 1075 2522
K9 ( 86 713 )x1076 2516
Kto—ntn— [qqq] < 2.3 x 104 CL=90% 2600
K*(892)0 7t 7~ ( 5.4 +05)x107° 2557
K*(892)° p° ( 56 +1.6 )x 100 2504
K*(892)° £,(980) < 43 x 1070 CL=00% 2468
K1(1400) " 7~ < 11 x 1073 CL=90% 2451
a1(1260)~ KT [qqq] ( 1.6 +£0.4 )x 1072 2471
by KT x B(b; — wm™) ( 7.4 +1.4 )x 1070 -
K*(892)0 K+ K~ ( 2.75+0.26) x 105 2467
K*(892)° ¢ ( 95 +0.8 )x 100 2460
K*(892)° K~ nt ( 46 +£1.4 )x10° 2524
K*(892)° K*(892)° ( 1287937y %1070 2485
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K*(892)0 K+ 7 < 22 x 1076 CL=00% 2524
K*(892)° K*(892)° < 41 x 1077 CL=90% 2485
K*(892)T p~ < 120 x 1072 CL=90% 2504
K*(892)T K*(892)~ < 141 x 1074 CL=90% 2485
K1(1400)0 p0 < 30 x 1073 CL=90% 2388
K1(1400)% ¢ < 50 x 1073 CL=90% 2339
P (Km)El ( 5.0 £0.9 )x 106 -
P(Km)E0 (1.60<my <2.15) [rr] < 1.7 x 1070 CL=00% -
K*(1430)0¢ ( 4.6 £0.9 )x 1070 2333
K*(1680)° ¢ < 35 x 1070 CL=00% 2238
K*(1780)% ¢ < 27 x 1070 CL=090% -
*(2045)0¢> < 153 x 1075 CL=90% -
K5(1430)° p0 < 11 x 1073 CL=90% 2381
K*(1430)0¢ ( 7.8 £1.3 )x 100 2333
KO ¢ o (41 T1L)x1070 2305
n' n' KO < 31 x 1075  CL=90% -~
K*(892)0 ( 4.0140.20) x 1072 2564
nKO%y ( 1077022y x 1075 2587
n KO < 6.6 x 1076 CL=00% -
KO ¢~ < 27 x 1070 CL=90% 2516
Ktr—~ ( 46 +1.4 )x1070 2615
K*(1410)~ < 13 x 104 CL=90% 2450
K™+ 7™~ nonresonant < 26 x10~% CL=90% 2615
KOnt =~ ( 1.9540.22) x 1075 2609
Kt n— 70 ( 41 £0.4 )x 1075 2609
K1(1270)%y < 58 x 1075 CL=00% 2486
K1(1400)% < 15 x 1075 CL=00% 2453
K*(1430)07 ( 1.2440.24) x 1072 2447
K*(1680)% < 20 x 1073 CL=90% 2361
K3(1780)% < 83 x 1075 CL=90% 2341
K} (2045)0~ < 43 x 1073 CL=00% 2244
Light unflavored meson modes
P9 ( 93 £21)x10~7  S=1.1 2583
w7y (46 720 )x1077 2582
ol < 85 x10~7 CL=90% 2541
rta~ ( 5.13+0.24) x 10~ 2636
7970 ( 1.624031)x 1076  sS=13 2636
nmO < 13 x 1076 CL=90% 2610
nmn < 18 x 1076 CL=00% 2582
n' 70 (15 739 )x1070  s=15 2551
n'n' < 24 x 1076 CL=90% 2460
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n'n < 17 x1076 cL=90% 2523
7 p° < 13 x 1076 CL=00% 2492
n' £(980) x B(£,(980) — < 15 x 1070 CL=90% 2456
Tt
1 p° < 15 x 106 CL=00% 2553
n1(980) x B(%(980) — < x 1077 CL=90% 2518
Tt
wn < 1.9 x 1076 CL=90% 2552
wn' < 22 x 1070 CL=90% 2491
w p? < 15 x 1076 CL=90% 2522
w f5(980) < 15 x 1070 CL=90% 2487
Ww < 40 x 1070 CL=90% 2521
0 < 28 x10~7 CL=90% 2539
on < 6 x10~7 CL=90% 2511
on < 5 x10~7 CL=90% 2448
¢ p° < 13 x 1075 CL=00% 2480
dw < 12 x 1070 CL=00% 2479
oY) < 15 x107% CL=90% 2435
a0(980)* 7T x B(ag(980)* < 31 x 1076 CL=90% -
777Ti)
ap(1450)F 7 F x < 23 x 1070 CL=90% -
B(a 0(1450)* — n7t)
at o= 70 < 72 x10~4 CL=00% 2631
p0 70 ( 1.8 +05 ) x 1070 2581
pFrt [gg] ( 2.284+0.25) x 10~5 2581
ata - ata~ < 23 x10~% CL=90% 2621
P9 0 ( 1.1 £0.4 )x 106 2523
p° £5(980) x B(fy(980) — < 53 x 1077 CL=90% 2488
ataT)
f5(980) 5(980) x < 16 x 1077 CL=90% 2451
B(fy(980) — 7T m—)?
a1(1260)F 7+ [eg] ( 3.3 £05)x 1075 2494
bj nt x B(b] — wn) ( 1.0940.15) x 1075 -
ap(1320)F 7+ lgg] < 3.0 x10~4 CL=90% 2473
ata= 7070 < 31 x 1073 CL=90% 2622
pTpT ( 2.4240.31) x 1072 2523
a1(1260)0 70 < 11 x 1073 CL=90% 2495
wo < 12 x 1076 CL=00% 2580
atata— a0 < 9.0 x 1073 CL=90% 2609
a1(1260)* p~ < 61 x107° CL=90% 2433
a1(1260)° p° < 24 x 1073 CL=00% 2433
Tttt T < 30 x 1073 CL=90% 2592
a1(1260)™ a4 (1260)~ < 28 x 1073 CL=90% 2336
atatetr—n=a a0 < 11 % CL=90% 2572
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Baryon modes
pp < 11 x10~7 CL=90% 2467
pprt ™ < 25 x 1074 CL=90% 2406
pp K° ( 2.7 £0.4 )x 1070 2347
©(1540) " p x [sss] < 5 x 1078 CL=90% 2318
B(©(1540)* — pKY)

f1(2220) KO x B(f;(2220) — < 45 x 1077 CL=90% 2135

pP)
ppK*(892)° ( 15 £0.6 ) x 100 2216
f7(2220) K§ x B(f;(2220) — < 15 x 1077 CL=90% -

_ pp)
pAn~ ( 32 +04 )x 1070 2401
p3(1385)~ < 26 x10~7 CL=90% 2363
A%A < 93 x10~7 CL=90% 2364
pAK™ < 82 x 1077 CL=90% 2308
pXOr— < 38 x 1070 CL=90% 2383
AA < 32 x 1077 CL=90% 2392
A0 A0 < 15 x 1073 CL=90% 2335
ATT AT < 11 x 1074 CL=90% 2335
DO pp ( 1.1440.09) x 10~4 1862
D, Ap ( 29 £09 )x107° 1710
D*(2007)° pp ( 1.0340.13) x 10~% 1788
D~ pprt ( 3.38+0.32) x 10~4 1786
D*~ ppr™ ( 48 £05)x107% 1707
O.prt x B(6. — D™ p) < 9 x 1070 CL=90% -
O.prt x B(6. — D*p) < 14 x 107  CL=90% -
YT ATt < 1.0 x 1073 CL=90% 1839
A prta— ( 1.3 £04 )x 1073 1934
ATp ( 21 Q1 )x107° 2021
AZ prf < 59 x10~4 CL=90% 1982
A prta < 507 x 1073 CL=90% 1882
Aprta—ata < 274 x 1073 CL=90% 1821
Afprta~ ( 1.124+0.32) x 103 1934
/\Z.LEWJFW_ (nonresonant) ( 6.4 +£1.9 )x 104 1934
3 (2520)" " pmt ( 12 +04 )x 1074 1860
3 (25200 prr— < 38 x 1072 CL=00% 1860
5 (24550 pr— ( 1.5 £05)x 1074 1895
3 (2455)" " pmT ( 22 £07 )x107% 1895
AZAT < 62 x 1075 CL=90% 1319
Ac(2593) / A.(2625)" p < 11 x 1074 CL=90% -
SONTXxB(ED - Ztaa) (9 T3 )xw® 1147
AT AT KO (8 +5 )x10~4 -
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Lepton Family number (LF) violating modes, or
AB = 1 weak neutral current (B1) modes

vy BI < 6.2 x 107 CL=90% 2640
et e B1 < 113 x10~7 CL=90% 2640
et e vy B1 < 12 x10~7 CL=90% 2640
w BI < 15 x 1078 CL=90% 2638
wt Ty BI < 16 x 1077 CL=90% 2638
Tt B1 < 41 x 1073 CL=90% 1952
00t e~ BI < 12 x10~7 CL=90% 2638
mOvw B1 < 22 x 1074 CL=90% 2638
m0et e~ B1 < 14 x10~7 CL=90% 2638
aOput B1 < 51 x10~7 CL=90% 2634
KOt~ B [ii] ( 29 T1§)x107 2616
KOvw BI < 16 x 1074 CL=90% 2616
%7 B1 < 44 x 1074 CL=90% 2583
KOet e~ BI ( 13 T1%)x1077 2616
KOput B1 ( 57 T22)x1077 2612
K*(892)0 ¢+ ¢~ Bl [ii] ( 95 +1.8)x10~' 2564
K*(892)% et e~ B1 ( 1.0470-3%) x 1076 2564
K*(892)° pt pu~ BI ( 1107922) x 100 2560
K*(892)°vw B1 < 34 x 1074 CL=00% 2564
N7 BI < 58 x 1072 CL=90% 2541
et T LF [gg] < 92 x 1078 CL=90% 2639
n0e® T LF < 14 x10=7 CL=90% 2637
KOe® T LF < 27 x 1077 CL=90% 2615
K*(892)% et 1~ LF < 53 x 1077 CL=90% 2563
K*(892)% e~ it LF < 34 x 1077 CL=90% 2563
K*(892)0 e 1T LF < 58 x 1077 CL=90% 2563
et T LF  [gg] < 1.1 x10~4 CL=90% 2341
ptrF LF [gg] < 38 x 1075 CL=90% 2339
invisible B1 < 22 x10~% CL=90% -
VU BI < 47 x 107 CL=90% 2640
B*/B® ADMIXTURE
CP violation

Acp(B — K*(892)y) = —0.010 + 0.028
Acp(B — sv) =0.01 +0.04

Acp(b — (s+d)y) = —0.11 £ 0.12
Acp(b — XsT07) = —0.22 + 0.26
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The branching fraction measurements are for an admixture of B mesons at
the T(4S). The values quoted assume that B(7(4S) — BB) = 100%.

For inclusive branching fractions, e.g., B — Dt anything, the treatment
of multiple D's in the final state must be defined. One possibility would
be to count the number of events with one-or-more D's and divide by
the total number of B's. Another possibility would be to count the to-
tal number of D’s and divide by the total number of B's, which is the
definition of average multiplicity. The two definitions are identical if only
one D is allowed in the final state. Event though the "one-or-more” def-
inition seems sensible, for practical reasons inclusive branching fractions
are almost always measured using the multiplicity definition. For heavy
final state particles, authors call their results inclusive branching fractions
while for light particles some authors call their results multiplicities. In the
B sections, we list all results as inclusive branching fractions, adopting a
multiplicity definition. This means that inclusive branching fractions can
exceed 100% and that inclusive partial widths can exceed total widths,
just as inclusive cross sections can exceed total cross section.

B modes are charge conjugates of the modes below. Reactions indicate
the weak decay vertex and do not include mixing.

Scale factor/ p

B DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic and leptonic modes
B — et v anything [ttt] ( 10.74 + 0.16 ) % -
B — peTvganything < 59 x 10~%  CL=90% -
B — ut v, anything [ttt] ( 10.74 + 0.16 ) % -
B — (Tt vy anything [iii,ttt] ( 10.74 + 0.16 ) % -
B — D~ (T vpanything il ( 28 £ 09 )% -
B — DY/t yjanything il (72 + 1.4 )% -
B— Drtu. ( 86 + 27 )x10~3 1911
B — D* (tuyjanything [uuu] ( 67 + 1.3 )x1073 -
B — D*rTu, ( 162 + 033 )% -
B — D*(Ty, liivw] (27 £+ 07 )% -
B — ( 38 + 1.3 )x10~3 $=2.4 -
D1(2420) ¢ vpany-
thing
B — Dm{tupany- (26 + 05 )% S=15 -~
thing +
D* 1 ¢T vyanything
B — Dn/{T vyanything ( 15 4+ 06 )% -
B — D*m/{Tvyanything (19 +£04 )% -
B — ( 44 + 16 )x1073 -
D3(2460) (1 vy any-
thing
B — D* nt{tujany- ( 1.00 + 0.34 )% -
thing
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B — D_ {*ypanything lil] < 7 x 1073 CL=90% -
B— D_(Ty KT any- [ii] < 5 x 1073 CL=90% -
thing
B — D_ (tv,K%any- i) < 7 x 1073 CL=90% -~
thing
B — (Tv; charm ( 1057 + 0.15 )% -
B — X0ty ( 233 + 022 )x103 -
B — wly ( 135 4+ 0.10 ) x 10~4 2638
B — KT {Tyanything il ( 62 + 05 )% -
B — K~ (T v anything lil] (10 + 4 )x1073 -
B — KO9/KO%¢tu,any- lii] ( 45 + 05 )% —~
thing
D, D*, or D¢ modes
B — D% anything (235 4+ 13 )% -
B — DY/ DPanything (625 + 29 )% S=13 -
B — D*(2010)* anything (225 + 15 )% -
B — D*(2007)%anything (260 + 27 )% -
B — DZanything [eg] ( 85 + 08 )% -
B — D:ianything ( 65 + 10 )% -
B — D:*D® ( 35 + 06 )% -
B— D®DH KO 4 [ggwww] ( 7.1 T %; ) % -
D DH) kE '
b— cTCs (2 +4 )% -
B — Ds(*)ﬁ(*) [egwww] ( 40 + 04 )% -
B — D*D*(2010)* [gg] < 5.9 x 1073 CL=00% 1711
B — DD*(2010)* + [gg] < 5.5 x 1073 CL=90% -
D* D*
B — DD* [eg] < 3.1 x 1073  CL=90% 1866
B — Ds(*)iﬁ(*)X(nﬂ'i[ég,www] (9 i_ 2 ) % -
B — D*(2010)~y < 11 x 1073 CL=90% 2257
B — D:—ﬂ'_, D:+7T_, lgg] < 4 x 1074  CL=90% -

D:'p_, D:+p_, D:TFO,
D:+7r0, Djn, D:+n,
DY p°, D% Dfw,

D*T w
S
B — D41(2536)" anything < 95 x 1073 CL=90% -
Charmonium modes
B — J/1(1S)anything ( 1.094+ 0.032) % S=1.1 -
B — J/¥(1S)(direct) (78 + 04 )x1073 S=1.1 -
anything
B — 1(2S)anything ( 3.07 + 021 )x 103 -
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B — xc1(1P)anything ( 3.86 + 0.27 ) x 103 -
B — xc1(1P)(direct) any- ( 316 + 025 )x 103 -
thing
B — Xc2(1P)anything ( 13 + 04 )x1073 $=1.9 -
B — xc2(1P)(direct) any- ( 1.65 + 0.31 ) x 103 -
thing
B — nc(1S)anything < 9 x 1073 CL=90% -
BY — X(3872)K x B(X — (12 + 04 )x107% 1141
DO DO 70)
B — K X(3945) x box] (71 + 34 )x107° 1083

B(X(3945) — wJ/4)

K or K* modes

B — K*anything [g] (789 + 25 )% -~
B — KT anything (66 +5 )% -
B — K™ anything (13 +4 )% -

B — K9/K%anything [gg] (64 + 4 )% -

B — K*(892)ianything (18 +£6 )% -

B — [gg] (146 + 26 )% -

K*(892)° / K*(892)any-
thing

B — K*(892)~y ( 42 + 06 )x107° 2564

B — nK~ (85 T 18 )x1076 2588

B — K1(1400)~ < 127 x107%  CL=90% 2453

B — K3(1430)y (17 T3% )x10-5 2447

B — Ky(1770)~y < 12 x 1073 CL=90% 2342

B — K3(1780)~ < 37 x 1072  CL=90% 2341

B — (2045)7 < 10 x 1073 CL=00% 2244

B — Kn'(958) ( 83 + 11 )x107° 2528

B — K*(892)n’(958) (41 + 11 )x10°° 2472

B — Kn < 52 x 1070  CL=90% 2588

B — K*(892)n ( 1.8 + 05 )x107° 2534

B— Koo ( 23 + 09 )x107° 2306

B— b— 3y ( 356 + 0.25 ) x 10~4 -

B — b — Sgluon < 6.8 % CL=90% -
B — nanything < 44 x 1074  CL=90% -
B — n'anything ( 42 + 09 )x10~4 -

Light unflavored meson modes

B — pv ( 1.36 + 0.30 ) x 10~ 2583

B — p/wy ( 128 + 021 )x 100 -

B — n* anything lgg.yyy] (358 +£7 Y% -

B — 9 anything (235 +11 )% -
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B — n anything (176 4+ 16 )% -
B — 0 anything (21 +£5 )% -
B — w anything < 81 % CL=90% -
B — ¢ anything ( 343 +£ 012)% -

B — ¢K*(892) < 22 x 1072 CL=90% 2460

Baryon modes
B — 42‘ / ﬂc_anything ( 45 +£ 12 )% -
B — A_ et anything < 23 x 1073 CL=90% -
B — z; panything ( 26 +08 )% -
B— A_petu, < 10 x 1073 CL=90% 2021
B — ;;_anything ( 42 + 24 )x10~3 -
B — X _ anything < 96 x 1073 CL=90% -
B — gganything ( 46 =+ 24 )x103 -~
B — X9N(N=porn) < 15 x 1073 CL=90% 1938
B — 2 nything ( 1.93 £ 0.30 ) x 10~% S=1.1 -~
=0 _, =+
X B( c =)
B — anything (45 T 13 )x10* -
X B( =t - Zatqh)

B — p/panything [gg] ( 80 + 04 )% -
B — p/p(direct) anything [gg] ( 55 =+ 05 )% -
B — A/ Aanything [gg] ( 40 4+ 05 )% -
B — =7 /ZTanything [gg] ( 27 + 06 )x10~3 -
B — baryons anything ( 68 +£06 )% -
B — ppanything ( 247 +£ 023 )% -
B — /\E//\panything [gg] ( 25 + 04 )% -
B — AAanything < 5 x 1073 CL=90% -

Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes

B — sete™ BI ( 47 + 13 )x1070 -
B — sutu~ B1 ( 43 + 12 )x10°° -
B — s{ti~ Bl [ii] ( 45 + 1.0 )x10°© -
B — miTi < o1 x 1078  CL=00% 2638
B— KetTe B1 ( 38 738 )x17 2617
B — K*(892)eTe~  BI ( 113 + 027 )x 10 2564
B— Kutu BI (42 T332 )x107 2612
B — K*(892)utu~ B1 (103 T 326106 2560
B — K(ti~ B1 ( 39 + 07 )x10~7 S=1.2 2617
B — K*(892)¢T ¢~ B1 (94 + 18 )x1077 S=1.1 2564
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set T LF  [gg] < 22 %1075 CL=90% -
met T LF < 92 x 1078  CL=90% 2637
pet T LF < 32 x 1076 CL=00% 2582
Ke® ¥ LF < 38 x 1078  CL=90% 2616
K*(892)et T LF < 51 x10~7  CL=90% 2563

B*/B°/B%/b-baryon ADMIXTURE

These measurements are for an admixture of bottom particles at high
energy (LEP, Tevatron, SppS).

Mean life 7 = (1.568 + 0.009) x 10712 s

Mean life 7 = (1.72 + 0.10) x 1072 s  Charged b-hadron

admixture

Mean life 7 = (1.58 + 0.14) x 1071?25 Neutral b-hadron ad-

mixture

T charged b—hadron/ T neutral b—hadron = 1.09 £ 0.13
|ATp| /7,5 = —0.001 £ 0.014

The branching fraction measurements are for an admixture of B mesons
and baryons at energies above the T(4S). Only the highest energy results
(LEP, Tevatron, SppS) are used in the branching fraction averages. In the
following, we assume that the production fractions are the same at the
LEP and at the Tevatron.

For inclusive branching fractions, e.g.,, B — Dianything, the values
usually are multiplicities, not branching fractions. They can be greater
than one.

The modes below are listed for a b initial state. b modes are their charge
conjugates. Reactions indicate the weak decay vertex and do not include
mixing.

Scale factor/

b DECAY MODES Fraction (I;/T) Confidence level

p
(MeV/c)

PRODUCTION FRACTIONS

The production fractions for weakly decaying b-hadrons at high energy
have been calculated from the best values of mean lives, mixing parame-
ters, and branching fractions in this edition by the Heavy Flavor Averaging
Group (HFAG) as described in the note “BO-BO Mixing” in the BY Parti-
cle Listings. The production fractions in b-hadronic Z decay are also listed
at the end of the section. Values assume

B(b —» BT)=8B(b— BO)
B(b — BY) +B(b— BY) +B(b — BY) + B(b— b-baryon) =
The notation for production fractions varies in the literature (fd, dBO,

f(b— EO), Br(b — EO)). We use our own branching fraction notation
here, B(b — BO).

100 %.
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(399 + 1.1 )%
(399 + 1.1 )%
(110 + 1.2 )%

(92 +19)%

DECAY MODES

Semileptonic and leptonic modes

vanything
¢t vyanything
eT vganything
ut vy anything
D~ (T vpanything
D~ 7T ¢ vpanything
D~ 7~ £T vpanything
DO ¢* vyanything
D7~ ¢+ v anything
DO 7t ¢t v anything
D*~ ¢t vyanything
D*~ 7w~ ¢t vyanything
D*~ 7T ¢T yyanything
5?6* vpanything x
B(D} — D*frn™)
DJ._E+ vyanything X
B(D; — D7)
D%(2460)° T vy anything
x B(D3(2460)° —
D*~ )
D;(2460)_£+ vy anything
x B(D3(2460)" —
DO7~)
53(2460)05Jr vganything
x B(D3(2460)° —
D~ nT)
charmless (v,
7T v_anything
D*~ 7 v, anything
€ — {~ Upanything
¢ — (T vanything
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Charmed meson and baryon modes

D9 anything
0 p* :
D" D_ anything
+ .
D¥ D7 anything
DO DO anything
DO D* anything
D* D¥ anything
D™ anything

D*(2010) ™ anything
D;(2420)%anything

D*(2010)F DF anything
DO D*(2010)* anything
D*(2010)* DT anything

D*(2010)* D*(2010)F anything [gg] (

D D anything
D§(2460)0 anything
D¢ anything
D;ranything
/\j’anything

€/ c anything

J/1(1S)anything
¥ (2S)anything
Xc1(1P)anything

el

svv

K= anything
K%anything

7¥ anything
70 anything
¢anything

p/Panything

HTTP://PDG.LBL.GOV

(59.6 +
( 91 T

[gzg]

gg] ( 4.0

I+

[gg] ( 5.1

| +

gg] ( 27

leg] < 9
(231
(173
( 5.0

I+ H H

gg] ( 3.3

| +

gg] ( 3.0

[gg] ( 25

Ho1+

1.2

+1
-1

( 47 +
(15.0 +
(101 +
( 9.7 +
(116.2 +

( 10

[yyyl

Charmonium modes
( 116+

( 48 +
( 13 +

K or K* modes
( 31 +

< 6.4
(74 =+
(200 +

Pion modes

(397 42
(278 +6
( 2.82+

[yyyl

Baryon modes
(131 +
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| +
N
w

2.9 )%
> )%

8

.2 )%
x 1073 CL=90%

1.7 )%

2.0 )%

1.5 )%

13) %

05 ) %

15 %

0.4 )%

o )%

27 )%

21)%

3.1)%

29)%

3.2 )%

0.10) %
2.4 ) x 1073
0.4 )%

11 )x10"4

x 10~4 CL=90%
6 )%
2.9 )%

1 )%
0 )%
0.23) %

11)%
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Other modes
charged anything vyl (497 £ 7 )% -
hadron™ hadron™ ( 17 F (1):9 ) x 1072 -
charmless (7 421 )x1073 -
Baryon modes
A/ Aanything ( 59 + 06)% -
b-baryon anything (102 £ 28)% -
AB = 1 weak neutral current (B1) modes
w7~ anything B1 < 32 x 10~4 CL=90% -
B* IF) = 317)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.

Mass mg. = 5325.1 + 0.5 MeV

mpg. — mg = 45.78 & 0.35 MeV

B* DECAY MODES Fraction (I';/T) p (MeV/c)
B~ dominant 45
B, (5721)° 1(0F) = 3a™)
I, J. P need confirmation.

B1(5721)° MASS = 5720.7 + 2.7 MeV

Mgo — Mgy = 4415 £ 2.7 MeV
1
31(5721)0 DECAY MODES Fraction (I';/T) p (MeV/c)
B*t n— dominant -
5(5747)° 1UP) = 12H)
I, J. P need confirmation.

B3(5747)° MASS = 5746.9 & 2.9 MeV
Mg — Mgy = 26.2 + 3.2 MeV
2 1
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33(5747)0 DECAY MODES Fraction (I';/T) p (MeV/c)
Btn— dominant 428
B*tx— dominant -

BOTTOM, STRANGE MESONS
(B==+1,5=7F1)

0_ e _0__ . . y
BS = sb, BS =75b, similarly for B: S

B? 1(JP) = 0(07)

I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.

Mass Mgo = 5366.3 £+ 0.6 MeV

Mean life 7 = (1.47010:95%) x 10712 s

cr = 441 um
Bg-§2 mixing parameters
~mgo = (17.77 £ 0.12) x 1012 571
= (117.0 + 0.8) x 10710 MeV

Xg = AmBo/rBo =26.1 £05
Yo = 0.49927 + 0.00003

AmBO = mBO
s sH

CP violation parameters in Bg
Re(ego) / (1 + |ego|?) = (—0.75 + 2.52) x 1073
CP Violation phase fs in the B(S) System = O.35f8:§2
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These branching fractions all scale with B(b — Bg), the LEP Bg pro-

duction fraction. The first four were evaluated using B(b — Bg) =

(10.7 4 1.2)% and the rest assume B(b — Bg) = 12%.

The branching fraction B(Bg — DS_ ot vpanything) is not a pure mea-
surement since the measured product branching fraction B(b — Bg) X

B(Bg — D ot vpanything) was used to determine B(b — Bg), as

described in the note on “BO-B0 Mixing"

For inclusive branching fractions, e.g.,, B — Dianything, the values
usually are multiplicities, not branching fractions.

They can be greater

than one.
Scale factor/ p
Bg DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
D¢ anything (93 +£25 )% -
D_ ¢ vpanything [a3aa] (7.9 + 2.4)% -
D nt (32 +09)x1073  S=13 2320
D ntntn™ (84 =+ 33)x1073 2301
D)+ p, ()= (49 T 29 S=1.2 -
DY D, (11 + 04)% 1823
DT D <121 % CL=90% 1742
DIt DY~ < 257 % CL=90% 1655
J/(1S) ¢ (93 =+ 33)x10°4 1587
J/(18)7° < 12 x 1073 CL=90% 1786
J/¥(1S)n < 38 x1073 CL=90% 1733
»(2S) ¢ (48 + 22)x1074 1119
R < 17 x 1076 CL=90% 2680
7070 < 21 x 104 CL=90% 2680
nm0 < 10 x 1073 CL=90% 2653
nn < 15 x 1073 CL=90% 2627
p°p° < 3.20 x 1074 CL=90% 2569
¢ p° < 6.17 x 1074 CL=90% 2526
X, (14 + 08)x107° 2482
Tt K~ < 56 x 1070 CL=90% 2659
Kt K~ (33 + 09)x107° 2637
K*(892)0 p° < 7.67 x 1074 CL=00% 2550
K*(892)° K*(892)° < 1.681 x 1073 CL=90% 2531
¢ K*(892)° < 1.013 x 1073 CL=90% 2507
pp < 59 x 1072 CL=90% 2514
vy B1 < 53 x 1072 CL=90% 2683
ol < 12 x10~% CL=90% 2586
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Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes

ut BI < 47 x 1078 CL=90% 2681
ete” B1 < 54 x 1072 CL=90% 2683
et ¥ LF [gg] < 6.1 x 1076 CL=00% 2682
#(1020) pt ™ BI < 3.2 x 1076 CL=90% 2582
OUU B1 < 5.4 x 1073 CL=90% 2586
B! 1(JPYy =0(17)
I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.
Mass m = 5412.8 + 1.3 MeV (S =1.2)
mp: — mpg, = 46.5+1.2MeV (S=11)
B: DECAY MODES Fraction (I';/T') p (MeV/c)
Bs’}/ dominant -
Bs1(5830)° 1(0F) = 3a)
I, J, P need confirmation.
Mass m = 5829.4 + 0.7 MeV
Mgo — Mpey = 504.41 + 0.25 MeV
sl
B (5830)0 DECAY MODES Fraction (I';/T) p (MeV/c)
B*t K~ dominant -
+2(5840)° 1UP) = 32
I, J, P need confirmation.
Mass m = 5839.7 £+ 0.6 MeV
My — M = 10.5 =+ 0.6 MeV
Bsg B(s)l
B*,(5840)° DECAY MODES Fraction (I';/T) p (MeV/c)
BT K~ dominant 252
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BOTTOM, CHARMED MESONS
(B= C=+1)

+ T - = .. ,
Bl =cb, B, =7¢b, similarly for BY's

B 1JP) = 0(07)
I, J, P need confirmation.
Quantum numbers shown are quark-model predicitions.

Mass m = 6.276 4+ 0.004 GeV
Mean life 7 = (0.46 + 0.07) x 1072 s

B; modes are charge conjugates of the modes below.

p
B;_" DECAY MODES x B(b — B.) Fraction (I;/T) Confidence level (MeV/c)

The following quantities are not pure branching ratios; rather the fraction

/T x B(b— B).

J/¢(18) €T vyanything (5.2f§:i’) x 1070 -
J/p(1S)mt <82 x 107> 90% 2371
J/YAS)r Tt a— < 5.7 x 10~4 90% 2351

J/1(1S) a1(1260) <12 x 103 90% 2170
D*(2010)* D° < 6.2 x 1073 90% 2467

cc MESONS

nc(1S) 1G(UPCY =0t (0~ 1)

Mass m = 2980.3 + 1.2 MeV (S =1.7)
Full width T = 26.7 + 3.0 MeV (S = 2.0)
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p
nc(1S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

Decays involving hadronic resonances

n'(958) (41 £1.7 )% 1321
pp (20 07 )% 1272
K*(892)° K~ nt + c.c. (20 +£07 )% 1275
K*(892) K*(892) (9.2 +£3.4 )x 103 1194
KOKOrt - (15 +0.8 )% 1071
PKTK™ (29 +1.4)x10~3 1102
oP (2.7 £0.9 )x 1073 1087
¢2(rT ) < 47 x 1073 90% 1249
ap(980) 7 < 2 % 90% 1324
ay(1320) 7 < 2 % 90% 1194
K*(892)K + c.c. < 1.28 % 90% 1308
f(1270)n < 11 % 90% 1143
ww < 31 x 10~3 90% 1268
wao < 17 x 1073 90% 1183
£,(1270) £5(1270) (1.0 93 )% 71
f(1270) £1,(1525) (8 +4 )x103 508
Decays into stable hadrons
KK (7.0 £1.2 )% 1379
nmww (49 +£1.8 )% 1427
Tt KT K™ (15 +06 )% 1343
KTK=2(rt ™) (10 +4 )x1073 1252
2(KTK™) (15 407 )x 1073 1053
2(rT 7)) ( 1.2040.30) % 1457
3(rt 7)) (20 0.7 )% 1405
pp (13 +0.4 )x 1073 1158
AA ( 1.04£0.31) x 10~3 988
KKn < 31 % 90% 1263
Tt pp < 12 % 90% 1024
Radiative decays
vy (24 T3 )x1074 1490
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
i PCP < 87 x 10~4 90% 1484
7070 P,CP < 56 x 10—4 90% 1484
KT K™ PCP < 76 x 10~4 90% 1406
K K2 PCP < 42 x 10~4 90% 1405
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J/$(15)

16UPCY =01~ )

Mass m = 3096.916 & 0.011 MeV
Full width ' = 93.2 £+ 2.1 keV
ee = 5.55 £ 0.14 + 0.02 keV

J/(1S) DECAY MODES

Fraction (I';/T)

Scale factor/

p

Confidence level (MeV/c)

hadrons

virtualy — hadrons
et e
ptpe

(87.7 +£0.5 ) %
(13.5040.30) %
( 5.9440.06) %
( 5.9340.06) %

Decays involving hadronic resonances

pT
2070
a,(1320) p
wrntratr—n~
wrta— 70
wrtn™
w f(1270)
K*(892)0 K3(1430)° + c.c.
K*(892)0 K5 (1770)°+ c.c. —
K*(892)° K~ 7t + c.c.
wK*(892)K + c.c.
KT K*(892)™ + c.c.
KT K*(892)™ + c.c. —
KfK—WO
KT K*(892)™ + c.c. —
KOK=nF
KOK*(892)% 4 c.c.
KOK*(892)%+ c.c. —
KOK*rnF
K1(1400)* KT
K*(892)° KT 7~ + c.c.

w7r07r0

by(1235)* 7 ¥ lg]
wKE KL [eg]
by(1235)° 70
nKEKL T [gg]
dK*(892)K + c.c.
wKK

wfy(1710) — wKK
¢2(rT77)
A(1232) T pr—
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( 1.69+0.15) %

(56 +£0.7 ) x 1073
( 1.0940.22) %

(85 +£3.4)x10~3
(4.0 £0.7 ) x 1073
(86 +0.7 )x 1073
(43 +0.6 )x 1073
(6.0 £0.6 ) x 1073
(6.9 +£09 )x10~%

(6.1 0.9 )x10~3
( 5.12+0.30) x 1073
( 1.97+0.20) x 1073

(3.0 £0.4 )x 1073

( 4.3940.31) x 10~3
(32 404 )x10~3

(38 +1.4 )x103
seen

(3.4 +0.8 )x1073
(3.0 £0.5 ) x 1073
(3.4 +05 )x1073
(23 406 )x103
(22 404 )x10~3
( 2.18+0.23) x 1073
(1.6 +0.5 ) x10~4
(48 +1.1 )x10~4
( 1.66+0.23) x 10~3
(1.6 +05)x 103

5=2.4

S=1.1

1548
1545

1448
1448
1123
1392
1418
1435
1142
1012

1097
1373

1373

1170
1343
1436
1300
1210
1300
1278

969
1268

878
1318
1030
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w1
PKK
$f(1710) — oK K
A(1232)TF A(1232)
5 (1385)~ X(1385)™ (or c.c.)
¢ £1(1525)
ot~
¢m070
pKEKL T
w f1(1420)
®n -
=(1530)" =+
pK~X(1385)°
wﬂ'o
¢n’(958)
¢ 15(980)
$1(980) — ot
$(980) — @070
=(1530)° =9
> (1385)~ X (or c.c.)
¢ (1285)
nw+ﬂ_
1
wn'(958)
w f5(980)
p1'(958)
ap(1320)* 7 F
K K3(1430)+ c.c.
K1(1270)* KT
K’5(1430)° K3(1430)°
K*(892)% K*(892)°
$£(1270)
¢n(1405) — onmm
wf}(1525)
5 (1385)°A
A(1232)1p
©(1540) ©(1540) —
K%pK‘ﬁ+ c.c.
O(1540)K~n — KipK™n
O(1540)KSp — KGPKTn
O(1540)K+tn — K%pK™n
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1394
1179
875
938
697
871
1365
1366
1114
1062
1320
600
646
1446
1192
1182

608

855
1032
1487
1396
1279
1271
1281
1263
1159
1231

604
1266
1036

946
1003

912
1100

( 1.7440.20) x 10~3 S=16
( 1.83+0.24) x 10~3 S=15
(3.6 +0.6 )x 104
( 1.10+0.29) x 10~3
[gg] ( 1.03+0.13) x 1073
(8 +4 )x10~4 $=2.7
(9.4 +0.9 ) x10~4 S=1.2
(56 +1.6 ) x 10~4
lgg] (7.2 £0.8 )x10~4
(6.8 +2.4 ) x 104
(75 +0.8 ) x 104 S=15
(59 +1.5 ) x10~4
(5.1 £3.2 )x 104
(45 +0.5 ) x 104 S=1.4
(40 +0.7 ) x10~4 $=2.1
(32 +0.9 )x 104 $=1.9
(1.8 +0.4 )x 104
(1.7 £0.7 ) x 10~4
(32 +1.4 )x10~4
lgg] (3.1 +05)x10~4
(2.6 +0.5 ) x 104 S=1.1
(40 +£1.7 )x10~4
( 1.93+0.23) x 10~4
( 1.82+0.21) x 10~4
(1.4 +05 )x 104
( 1.05+0.18) x 10~4
lgg] < 4.3 x 1073 CL=90%
< 40 x 1073 CL=90%
< 3.0 x 1073 CL=90%
< 29 x 1073 CL=90%
(23 +0.7 ) x 104
(72 +13 )x10~4
< 25 x 1074 CL=90%
< 22 x 1074 CL=90%
< 2 x 1074 CL=90%
< 1 x 1074  CL=90%
< 11 x 1072  CL=90%
< 21 x 1072  CL=90%
< 16 x 1072  CL=90%
< 56 x 1072  CL=90%
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O(1540)K%p — KipK™n < 11 x107°  CL=90% -
>0A < 9 x1075  CL=90% 1032
0 < 64 %1076  CL=90% 1377
Decays into stable hadrons

2(nt )70 (41 £05 )% S=24 1496
3(xt7)n0 (2.9 +06 )% 1433
at a0 ( 2.07+0.13) % S=17 1533
Tt 0Kt K™ ( 1.7940.29) % S=22 1368
4(nt )0 (9.0 £3.0 )x 1073 1345
ata  KTK™ (6.6 £05)x 103 1407
ata KTK™n ( 1.8440.28) x 10~3 1221
mOnO Kt K~ ( 2.45+0.31) x 10~3 1410
nefH(980) — nen T (32 +£1.0 )x 104 -
KKm (6.1 £1.0 )x 1073 1442
2(rT 7)) ( 3.55+0.23) x 103 1517
3(rtmT) (43 404 )x103 1466
2(ntn~70) ( 1.6240.21) % 1468
2(r 77 )n ( 2.29+0.24) x 10~3 1446
3(rt )y (72 +£15)x10~% 1379
pp ( 2.17+0.07) x 10~3 1232
ppr° ( 1.0940.09) x 103 1176
pprt ™ (6.0 £05 ) x 1073 S=13 1107
pprt o~ w0 [bbbb] ( 2.3 £0.9 ) x 10~3 S=19 1033
PPN ( 2.09+0.18) x 10~3 048
ppp < 3.1 x 10~%  CL=90% 774
ppw ( 1.10+0.15) x 10~3 S=13 768
ppn (958) (9 +4 )x10~4 S=1.7 596
ppo (45 +15)x1072 527
nn (22 404 )x10~3 1231
nart (4 +4 )x10-3 1106
>050 ( 1.2940.09) x 103 988
2Azr T T )KT K™ (47 +£07 )x1073 S=13 1320
pAT™ ( 2.12+0.09) x 10~3 1174
nN(1440) seen 978
nN(1520) seen 924

N(1535) seen 914
== (1.8 +0.4 )x 1073 S=1.8 818
AA ( 1.6140.15) x 10~3 S=2.0 1074
AX 7t (or cc.) [gg] (83 £07 )x10~4 S=1.2 950
pK—A (89 +1.6 ) x 10~4 876
2(KTK™) (7.6 £0.9 )x10~4 1131
pK— X0 (29 £08 ) x 10~4 819
Kt K~ ( 2.3740.31) x 10~4 1468
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KSKY ( 1.46£0.26) x 10~ 4
AAn (2.6 £0.7 ) x 10~4
AA7O < 6.4 x 1075
AnK%+ cec. (65 +£1.1 )x10~4
nta~ ( 1.4740.23) x 10~4
AN + cc. < 15 x 104
K KY < 1 x 10~6
Radiative decays
N (1S) (1.3 04 )%
vt o270 (83 +£3.1)x10°3
ynwmw (6.1 £1.0 )x 103
y12(1870) — ynpmt T (62 +£2.4 )x 104
yn(1405/1475) — YKKm [p] (28 +0.6 )x103
vn(1405/1475) — ~~p° (7.8 £2.0)x10~°
yn(1405/1475) — ~ynmta~ (3.0 £0.5 ) x 10~4
vn(1405/1475) — ~~v¢ < 82 x 1072
Ypp (45 +0.8 )x 1073
v pw < 5.4 x 104
Ypo < 838 x 1070
v’ (958) ( 4.7140.27) x 10~3
y2rt 2w~ (2.8 £0.5 ) x 1073
v £(1270) /(1270) (95 +1.7 ) x 10~4
v (1270) £,(1270) (non reso- (82 +1.9 )x10~%
nant)
YKTK ntn~ (21 406 )x 1073
7 f2(2050) (27 £0.7 )x 1073
yww ( 1.61+0.33) x 10~3
vn(1405/1475) — ~p° p° (1.7 £0.4 )x 103
v (1270) ( 1.4340.11) x 103
vf(1710) — yKK (85 i‘ég ) x 10~4
vf(1710) — 77 (40 +1.0 ) x10~4
vf(1710) —» yww (31 +£1.0 )x10~4
N (9.8 £1.0 ) x 10~4
v£(1420) — yKKn (79 +13 )x10~4
v f1(1285) (6.1 £0.8)x 104
vf(1510) — ynat T (45 12 )x10~4
v 5(1525) (45 797 )x10~*
vH(1640) —» yww (28 +1.8)x10~4
v5(1910) —» yww (20 +1.4 )x10~4
v1(1950) — (7.0 +22 )x 1074
v K*(892) K*(892)
v K*(892) K*(892) (40 +13)x1073
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S=27 1466
672

CL=90% 998
872

1542

CL=90% 1034
CL=95% 1466
114

1518

1487

S=1.6 1223
5=1.8 1223
CL=95% -
1340

CL=90% 1338
CL=90% 1258
S=1.1 1400
S5=1.9 1517
879

1407

891

1336

5=1.3 1223
1286

S=1.2 1075
S=17 1500
1220

1283

1173

1266
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Yob (40 +12 )x10~4 S=21 1166
Ypp (38 +1.0 ) x 10~4 1232
vn(2225) (29 +06 )x10~4 752
yn(1760) — ~p° p° (1.3 £0.9 )x 1074 1048
yn(1760) — yww ( 1.98+0.33) x 10—3 -
v X(1835) (22 406 )x1074 1006
v(KK ) [JPC =0~ 1] (7 +4 )x107% S=2.1 1442
0 (33 T9¢)x105 1546
ypprt T < 79 x 1074 CL=90% 1107
Y AA < 13 x 104 CL=90% 1074
3y < 55 x 1072 CL=90% 1548
v f;(2220) > 2.50 x 1073 CL=99.9% 745
~vf;(2220) — y7w (8 +4 )x107° -
vf;(2220) - YKK (81 4+3.0)x107° -
vf(2220) — ~vpp (15 +0.8 ) x 107> -
7 f5(1500) >( 5.7 £0.8 ) x 104 1183
veTe™ (88 +1.4)x10~3 1548
Weak decays
D~ et e+ c.c. < 1.2 x107°  CL=90% 984
Dlete™+ cc. < 11 x 1075 CL=90% 987
D etve+ cc. < 36 x 1072  CL=90% 923

Charge conjugation (C), Parity (P),
Lepton Family number (LF) violating modes

vy C < 22 x 1072 CL=90% 1548

et T LF < 11 x 1070  CL=00% 1547

et 7 F LF < 83 x1076  CL=90% 1039

s LF < 20 %1076 CL=00% 1035
xco(1P) 16(JPC) =0T (0 )

Mass m = 3414.75 4 0.31 MeV
Full width ' = 10.2 &+ 0.7 MeV
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Xco(1P) DECAY MODES

Fraction (I';/T)

Scale factor/

p

Confidence level (MeV/c)

2(rt )
f5(980) 15(980)

rtr KT K=
f5(980) 15(980)

f5(980) f5(2200)

fy(1370) f5(1370
fy(1370) f5(1500
f5(1370) (1710
fy(1500) f5(1370
f5(1500) f5(1500
f5(1500) fp (1710
pow+w_
3(rt 7))
Kt K*(892)° 7~ + c.c.
K1(1270)* K~ + c.c. —
Tt KT K™
K1(1400)t K=+ c.c. —
T KTK™
K*(892)% K*(892)°
K5(1430)° K5(1430)° —
T KTK™

— e N N N N

K5(1430)° K5(1430)%+ c.c. —

rtr Kt K~
T
nn
nw+ﬂ_
g
nn
ww
Kt K~

0 4,0
KSKS
W+W_n
mh
KOKT =+ cc.
K+ K= 70
KtK—n

— 10 10

Kt K KSKS
KtK- KT K~

HTTP://PDG.LBL.GOV

Hadronic decays

(2.2340.20) %
(6.9 +2.2 ) x10~4
(1.7940.16) %

(L7 T3 )x1074

(83 T21)x104

2.6

<28 x 104

<18 x 10—4
(7.0 T37 )x1074

< 1.4 x 104

<5 x 1072

<7 x 1079

(8.7 +2.8 ) x 1073
(1.20+0.18) %

(7.2 +1.6 ) x 1073
(6.5 +2.0 ) x 10—3

<28 x10—3

(1.8 £0.6 ) x 10~3

(1.02170-38) x 103

(83 5% )x1074
(7.3 +0.6 ) x 1073
(2.4 £0.4 ) x 1073

<11 x 1073

<5 x 104
(1.7 +0.4 ) x 1073
(2.3 +0.7 ) x 1073
(5.7 £0.6 ) x 10~3
(2.8240.28) x 103

<21 x 10~4
< 4 x 10~4
<98 x 1072
<6 x 1075
<24 x 10~4

(1.5 £0.5 ) x 10—3
(2.81+0.30) x 10~3

Page 107

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%

1679
1398
1580

1398

1702
1617
1651
1521
1414
1517
1634
1633
1651
1560
1610
1611
1512
1331
1333
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KtTK=¢ (1.0140.26) x 103 1381
KSKQmtm™ (5.9 £1.1 ) x 103 1579
10Y0) (9.3 +£2.0 ) x 10~ 4 1370
pp (2.1540.19) x 10~4 1426
ppr° (5.8 £1.2 ) x 10~4 1379
PPN (3.8 +1.1 )x10~4 1187
Tt pp (21 +0.7 ) x 1073 S=1.4 1320
KK pp <88 x 1074 CL=90% 884
pAT— (1.174+0.32) x 10~3 1376
AA (4.4 +£15 ) x10~4 1292
At = < 4.0 x1073  CL=90% 1153
KTPA+ c.c. (1.0540.20) x 103 1132
==t < 1.03 x1073  CL=90% 1081

Radiative decays

~vJ/¥(1S) (1.28+0.11) % 303
vy (2.35+0.23) x 10~4 1707
Xc1(1P) 16(UPC) =0t t )

Mass m = 3510.66 £+ 0.07 MeV (S = 1.5)
Full width ' = 0.89 £ 0.05 MeV

Scale factor/ p
Xc1(1P) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Hadronic decays
3(rt 7)) (58 +1.4 )x1073 S=12 1683
2(rT 7)) (7.6 +2.6 )x 1073 1728
T KT K™ (45 +1.0)x1073 1632
L (52 +£0.6 )x 103 1701
Ty (25 £05)x10~3 -
POrtr— (3.9 £35 ) x 103 1657
KtK™n (35 £1.1 )x 1074 1566
KOKt 7~ + cc. (7.7 £0.7 ) x 1073 1661
KT K70 ( 2.01£0.28) x 1073 1662
nrtr™ (58 +1.1)x10"3 1701
a0(980) T 7~ + c.c. — At AT (2.0 £0.7 )x 1073 -
>(1270) 7 (3.0 £0.9 )x 103 1468
K+ K*(892)%7~ + c.c. (32 +21)x 1073 1577
K*(892)% K*(892)° (1.6 £0.4 )x 1073 1512
K*(892)° KO+ c.c. (11 +04 )x 1073 1602
K*(892)T K~ + c.c. (1.6 +£0.7 )x 103 1602
K*(1430)°K%+ c.c. — <9 x 1074 CL=90% -

KOS KTr~+ cc
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K*%(1430)" K~ + c.c. — < 24 x 1073 CL=90% -
KLKT 7~ + cc.
mtr” KL K (7.6 £3.2 ) x10~4 1630
KTK™KYKS < 5 x 104  CL=90% 1390
KTK-KTK™ (58 £1.2 )x10~4 1393
KTK=¢ (45 +1.7 )x10~4 1440
pp (6.6 +£05 )x10~° 1484
ppr° (1.2 £05 ) x 10~4 1438
PPN < 16 x 104 CL=90% 1254
ntr~ pp (50 £1.9 )x10~4 1381
Kg K pp < 45 x10~4  CL=90% 968
AA (24 +1.0 ) x10~4 1355
ATt~ < 15 x 1073 CL=90% 1223
KTpA (34 +£1.0)x10~4 1203
==t < 34 x10~% CL=90% 1155
Tt + KTK™ < 21 x 1073 -
KL KY < 7 x 1075  CL=90% 1683
Radiative decays

~vJ/¥(1S) (36.0 £1.9 ) % 389

he(1P) 16(FPC) =27t )

Mass m = 3525.93 + 0.27 MeV (S = 1.5)
Full width ' < 1 MeV

hc(IP) DECAY MODES Fraction (I';/T) p (MeV/c)
J/p(1S) T not seen 313
Ne?Y seen 503

Xc2(1P) 16(PC) =0t )

Mass m = 3556.20 & 0.09 MeV
Full width ' = 2.03 £ 0.12 MeV
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p
Xc2(1P) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

Hadronic decays

2(rt ) ( 1.1440.12) % 1751
T KT K™ (9.4 +1.1 )x1073 1656
3(rt 7)) (86 +1.8 )x1073 1707
K+ K*(892)%7~ + c.c. (23 +13)x 1073 1602
K*(892)% K*(892)° (26 +£05)x 1073 1538
X ( 1.54+0.30) x 10~3 1457
ww (2.0 +£0.7 )x 1073 1597
T ( 2.17+0.25) x 10~3 1773
POrtr (41 £1.8 )x 103 1681
mtr Ty (55 +15)x 104 1724
rtr—n (57 2.1 )x 104 1636
nn < 5 x 10~4 90% 1692
Kt K~ (79 £1.4 )x10~4 1708
K KY (65 +£0.8 ) x 10~4 1707
KKt 71~ + cc. ( 1.40£0.21) x 103 1685
K+ K= =0 (35 +£0.9 )x 104 1686
KtK—n < 4 x 104 90% 1592
nrtw™ < 17 x 1073 90% 1724
nn < 26 x 104 90% 1600
n'n' < 35 x 104 90% 1498
T KL KY (25 406 )x 1073 1655
KTK™KYKS < 4 x 104 90% 1418
KTK-Kt K~ ( 1.8440.24) x 10~3 1421
KTK=¢ ( 1.63+£0.34) x 10~3 1468
KK pp < 79 x 10~4 90% 1007
pp ( 6.7 £0.5 ) x 107 ° 1510
ppn° (49 £1.0 ) x 1074 1465
PPN (21 +0.8 )x10~4 1285
ntr T pp ( 1.3240.34) x 10~3 1410
pAT™ (12 +0.4 )x 1073 1463
AA (2.7 £1.3 )x 1074 1385
ATt~ < 35 x 1073 90% 1255
KtpA + cc. (9.6 £1.9 ) x 10~4 1236
==t < 3.7 x 10~4 90% 1189
J/p(1S)rt 7O < 15 % 90% 185
Radiative decays
~vJ/¥(1S) (20.0 £1.0 ) % 430
vy ( 2.43+0.18) x 104 1778
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nc(2S)

/G(JPC) — 0+(0— ‘|—)

Quantum numbers are quark model predictions.

Mass m = 3637 £ 4 MeV (S = 1.7)
Full width ' = 14 £ 7 MeV

P
nc(2S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
hairons not seen -
KK seen 1729
2rton— not seen 1792
KtK—ntn™ not seen 1700
2Kt 2K~ not seen 1470
pp not seen 1558
0% <5x 1074 90% 1819
Y(2S) 16(UPC) =0 )
Mass m = 3686.09 &+ 0.04 MeV (S = 1.6)
Full width ' = 317 + 9 keV
Moo = 2.38 £ 0.04 keV
Scale factor/ p
v¥(2S) DECAY MODES Fraction (I';/T') Confidence level (MeV/c)
hadrons (97.85+0.13) % -
virtualy — hadrons ( 1.73+0.14) % S=1.5 -
ete ( 7.5240.17) x 10~3 1843
ut ™ (75 +0.8 )x 1073 1840
Tt (3.0 £0.4 )x 103 490
Decays into J/1(1S) and anything
J/1(1S)anything (57.4 +£0.9 ) % -
J/1(15) neutrals (235 +£0.4 )% -
J/Y(AS) (32.6 +£05 )% 477
J/p(18) 7070 (16.84+0.33) % 481
J/(18)n ( 3.16+0.07) % 199
J/p(18) 70 ( 1.26+0.13) x 10~3 S=1.3 528
Hadronic decays
3(rt )70 (35 +£1.6 )x 1073 1746
2(nt )70 (29 +£1.0 )x 1073 S=46 1799
pa>(1320) (26 +0.9 )x10~4 1500
pp ( 2.74+0.12) x 10~4 1586
ATT AT ( 1.2840.35) x 10~4 1371
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AA7O < 12 x 1074  CL=00% 1412
AAn < 4.9 x107°  CL=90% 1197
APK™ ( 1.0040.14) x 10~4 1327
ApKtTatn™ (1.8 +0.4 )x10~4 1167
AT~ (2.8 +0.6 )x10~4 1346
AA (2.8 £05 ) x 104 S=2.6 1467
>ty- (2.6 £0.8 )x 104 1408
>0¥0 (22 £04 )x10~4 S=15 1405
> (1385)T X(1385)~ (11 +04 )x10~% 1218
=—=t (1.8 £0.6 )x 10~4 S=2.8 1284
=0=0 (2.8 £0.9 ) x 10~4 1201
=(1530)° =(1530)° < 81 x 1075  CL=90% 1025
- 0QF < 73 x 107  CL=90% 774
79 pp ( 1.3340.17) x 10~4 1543
npp (6.0 £1.2 ) x107° 1373
wpp (6.9 +2.1 )x107° 1247
opp < 24 x 1072  CL=90% 1109
Tt r T pp (6.0 £0.4 )x10~4 1491
pnAT or c.c. ( 2.48+0.17) x 10~4 -
pan~ 0 (32 £0.7 ) x 10~4 1492
2(rtraY) (47 £15)x 1073 1776
nrtw™ < 16 x 1074  CL=90% 1791
nata— 0 (95 £1.7 ) x 10~4 1778
2(r 77 )n (1.2 £0.6 )x 1073 1758
o xwta x0 (45 £2.1 ) x10~4 -
wrtr™ (73 £1.2 )x 1074 S=2.1 1748

by ¥ (4.0 +0.6 )x10~4 S=11 1635

b9 70 (2.4 £06 ) x 10~4 -

w >(1270) (22 404 )x1074 1515
rta KT K™ (75 £0.9 )x 104 S=19 1726

PO KT K~ (22 £04 )x10~4 1616

K*(892)0 K3(1430)° (1.9 +05 ) x 1074 1418
KtK—ntn—n (1.3 407 )x 1073 1574
KtK=2(xt7n7)n0 ( 1.00+0.31) x 1073 1611
KTK=2(nt ™) (1.8 £0.9 )x 103 1654
K1(1270)* KT ( 1.0040.28) x 103 1581
KSKQmtm™ (22 £04 )x10~4 1724

0 pp (5.0 £2.2 ) x 1075 1251
KT K*(892)° 7~ + c.c. (6.7 £25 ) x 1074 1674
2(rT 7)) (24 +06 )x10~% S=22 1817

POt~ (22 £0.6 ) x 10~4 S=14 1750
KTK-ntn— 70 ( 1.26+0.09) x 10~3 1694

wfy(1710) —» wKT K~ (5.9 +22)x107° -

K*(892)° K~ 7t 7% + cc. (86 +22 )x 1074 -
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K*(892)T K~ 7t 7~ + c.c.
K*(892)t K= p% + c.c.
K*(892)°K~— pt + c.c.
nKtT K™
wKTK~
3(rT 7))
pﬁ7r+7r_7r
KT K™
K2 K9
Tt
p(2150)7 — T~ 70
p(770)7 — 7+ 7~ 70
Tt
K1(1400)* KT
Kt K70
KT K*(892)™ + c.c.
K*(892)° KO 4 c.c.
prhm
$1(980) — mT 7~
2(KTK™)
dKT K™
2(KtK—)x0

on
on

wn'

CL)7TO

0

0

/

PN

pn
w1

¢7°

Ne I
pPPKT K™
ZnK% + c.c.

¢ f1,(1525)

@(1540)@(1540) — KYpK~n+

0

(1540) —— K2 sPK™N
©(1540)K%p — K pK+
(1540)K+n—> KopK+
O(1540)K%p — KOpK I
Ke K2
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<

<
<

<
<
<

NN AN NN

(9.6 £2.8 )x 10~ 4
(73 +£2.6 )x 104
(6.1 +£1.8 ) x 104

13 x 104
( 1.85+0.25) x 10~4
(35 +£2.0 ) x 104
(73 +0.7 ) x10~4
(6.3 £0.7 )x102
(5.4 £0.5 ) x 107 °
( 1.68+0.26) x 104
(19 T32)x10-*
(32 +£1.2 )x107°
(8 45 )x1072

3.1 x 104

2.96 x 1072
(17 798 )x10-5
( 1.0940.20) x 10~4
( 1.17+0.29) x 10~4
(6.8 £2.4 )x107°
(6.0 +£1.4 ) x107°
(7.0 £1.6 )x10~°
( 1.10+0.28) x 10~4

(28 T30 )x105
(31 +1.6 )x107°
(32 723 )x1075
(21 +0.6 )x107°
(19 T17)x10-5
(22 406 )x 107>

1.1 x 1075
4 x 100
1.0 x10—3

(27 £0.7 ) x107°
(81 +1.8)x107°
(44 £1.6 )x107°

8.8 x 100
1.0 x 1072
7.0 x 100
2.6 x 1079
6.0 x 100
4.6 x 100

CL=90%
S=1.1
5=2.38

S=1.4

5=1.8

CL=90%
CL=90%

S=1.7
S=11

S=11
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%

1664
1614
1774
1435
1776
1775
1830

1838
1532
1754

1698

1697
1690

1499
1546
1440

1654
1555
1623
1757
1625

1717
1715
1699

1118
1324

1321

1775
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Radiative decays

YXco(1P) (9.4 +£04)% 261
YXc1(1P) (88 404 )% 171
Y Xc2(1P) (83 +£04)% 128
Y1c(1S) (3.0 £0.5 )x 103 638
v1(25) < 20 x 1073  CL=90% 48
0 < 54 x1073  CL=95% 1841
v’ (958) ( 1.3640.24) x 10~ 4 1719
v H(1270) (21 +0.4 )x10~4 1622
vH(1710) — 7w (3.0 +1.3 )x 1072 -
vf(1710) — yKK (6.0 £1.6 ) x 1075 -~
0% < 1.4 x10~%  CL=90% 1843
N < 9 x 1072  CL=90% 1802
ynmT T (87 £2.1 )x 1074 1791
yn(1405) — yKKm <9 x 1072  CL=90% 1569
yn(1405) — nrta~ (3.6 +25)x 107> -
yn(1475) — KK < 14 x 1074 CL=90% -
yn(1475) — nat T < 88 x 1079  CL=90% -
y2(nt ) (40 +06 )x10~% 1817
YKOKT 1~ + cc (3.7 £0.9 )x10~4 1674
v K*OK*0 (2.4 £07 ) x10~4 1613
YKIKT 77+ cc. (26 +£05)x1074 1753
YKTK ntn~ (1.9 405 )x 104 1726
PP (29 +0.6 )x10~2 1586
vyt pp (28 +1.4)x107° 1491
y2ArT T )KT K™ < 22 x 104 CL=90% 1654
y3(nt ™) < 17 x 1074  CL=90% 1774
YKTKTKTK™ < 4 x107°  CL=90% 1499
¥(3770) 16JPCY =0—1— )
Mass m = 3772.92 &+ 0.35 MeV (S =1.1)
Full width ' = 27.3 + 1.0 MeV
[eo = 0.265 4+ 0.018 keV (S = 1.3)
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In addition to the dominant decay mode to DD, v(3770) was found
to decay into the final states containing the J/¢ (BAI 05, ADAM 06).
ADAMS 06 and HUANG 06A searched for various decay modes with light
hadrons and found a statistically significant signal for the decay to ¢n only

(ADAMS 06).

Scale factor/ p
raction H onriaence leve eV/c

v(3770) DECAY MODES Fracti r;/r Confid level (MeV,
DD (85.3 +£3.2 )% 285
DO DO (48.7 £3.2 )% 285
Dt D~ (36.1 +£2.8 )% 251
J/prat T ( 1.93+0.28) x 10~3 560
J /070 (8.0 £3.0)x 104 564
J/n (9 +4 )x10~4 359
J/pm0 < 238 x10~4  CL=90% 603
YX 0 (73 +0.9 )x103 -
Y Xel (29 406 )x10~3 -
VX2 < 9 x10~%  CL=90% -
ete™ (9.7 £0.7 ) x 1070 S=12 1886
K2KY < 12 x107%  CL=90% 1820
2rtwT) < 112 x 1073 CL=90% 1861
2(rt ) mO < 1.06 x 1073 CL=90% 1843
wrt ™ < 6.0 x 1074  CL=90% 1794
3(rtmT) < 91 x 1073 1819
3(nta)x0 < 1.37 % 1792
nrtr™ < 1.4 x1073  CL=90% 1836
POrtr— < 6.9 x1073  CL=90% 1796
n3m < 1.34 x 1073  CL=90% 1824
n2(rt ) < 243 % 1804
n' 3w < 244 x 1073  CL=90% 1740
KtK—ntn~ < 9.0 x 104  CL=90% 1772
ot < 41 x 1074 CL=90% 1737
¢WO not seen 1746
on (31 +0.7 ) x10~4 1703
d(rt7T) < 1.67 % CL=90% 1757
Y(nt )0 < 3.06 % CL=90% 1720
¢ 15(980) < 45 x10~% CL=90% 1600
KtK-ntnx0 < 236 x 103 CL=90% 1741
KT K= pOr0 < 8 x 1074  CL=90% 1624
KTK=ptn~ < 1.46 % CL=90% 1622
WKTK™ < 34 x10~%  CL=90% 1664
dprt = n0 < 38 %1073 CL=90% 1722
KOK= 7t 70+ cc. < 162 % CL=90% 1693
K*tTK-rtn™ + c.c. < 3.23 % CL=90% 1692
KTK=2(rt ™) < 1.03 % CL=90% 1702
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KtK=2(rt77)x0 < 3.60 % CL=90% 1660
nKT K~ < 41 x 1074  CL=90% 1711
POKT K~ < 5.0 x 1073  CL=90% 1665
2(KTK™) < 6.0 x 104 CL=90% 1551
dKT K~ < 75 x 104  CL=90% 1597
2(KtK—)x0 < 29 x 1074 CL=90% 1493
2AAKTK )t < 32 x 1073 CL=90% 1425
KOK=nt+ cc. < 97 x 1073  CL=90% 1721
ppn° < 12 x 103 1595
ppr T < 58 x 1074 CL=90% 1544
AA < 12 x 1074  CL=90% 1521
pprta— 70 < 1.85 x 103 CL=90% 1490
wpp < 29 x10~% CL=90% 1309
AA7O < 12 x 1073 CL=90% 1468
pp2(rT ™) < 2.6 x1073  CL=90% 1425
npp < 5.4 x 10~%  CL=90% 1430
°pp < 17 x10~3  CL=90% 1313
ppKT K~ < 32 x 1074 CL=90% 1185
opp < 13 x 104 CL=90% 1178
AT~ < 25 x 1074 CL=90% 1404
APK™T < 28 x 1074 CL=90% 1387
APKTntn— < 63 x 1074  CL=90% 1234
P o 7T0 not seen 1874
pT not seen 1804
w7T0 not seen 1803
pn not seen 1763
wn not seen 1762
pT]’ not seen 1674
wn’ not seen 1672
qbn/ not seen 1606
K*O ?O not seen 1744
K*t K= not seen 1745
b1 ™ not seen 1683
X(3872) 16(JPC) = 07 (27 )

Quantum numbers not established.

Mass m = 3872.2 + 0.8 MeV (S = 2.5)
mX(3872)i - mJ/w =775 £+ 4 MeV

Mx(3872)= — Myp(25)
Full width I = 3.07 %1 MeV
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X(3872) DECAY MODES Fraction (I;/T) p (MeV/c)
R J/(1S) seen 650
pOJ/i/J(].S) seen 1
DOEO not seen 520
Dt D~ not seen 503
DOEO 7TO seen 121
¢(4040) [ccec] /G(JPC) =0~ (1)
Mass m = 4039 + 1 MeV
Full width ' = 80 £+ 10 MeV
Moo = 0.86 & 0.07 keV
1(4040) DECAY MODES Fraction (I';/T) Confidence level (MepV/c)
ete™ (1.0740.16) x 1075 2019
DOEO seen 775
D*(2007)050 + c.c. seen 575
D*(2007)° D*(2007)° seen 225
J/prt o~ <4 x 103 90% 794
J /070 <2 x 1073 90% 797
J/m <7 x 1073 90% 675
J /0 <2 x 1073 90% 823
Jprt a0 <2 x 1073 90% 746
Xe1 <11 % 90% 494
X2 <17 % 90% 454
Xeim T m— w0 <11 % 90% 306
ot~ w0 <32 % 90% 233
ot~ <3 x 1073 90% 1880

%(4160) [cc<<]

16UPCY =0—1— )

Mass m = 4153 + 3 MeV
Full width ' = 103 £+ 8 MeV
[ee = 0.83 + 0.07 keV
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1(4160) DECAY MODES Fraction (I;/T) Confidence level (MSV/C)
ete™ (8.1£0.9) x 10~ 2076
J/prta~ <3 x 1073 90% 888
J/pmO70 <3 x 1073 90% 891
J/WKTK™ <2 x 1073 90% 324
J/vn <8 x 1073 90% 786
J/pr0 <1 x 1073 90% 914
J/n <5 x 10~3 90% 385
J/prnt a0 <1 x 1073 90% 847
Y(2S)rt <4 x 103 90% 353
X1 <7 x 1073 90% 593
Xe2Y <13 % 90% 554
Yepm T~ w0 <2 x 103 90% 452
Xeom T m <8 x 1073 90% 308
ot~ <2 x 1073 90% 1941
X (4260) 1I6UPCYy =271 )
Mass m = 426375 MeV (S = 1.1)
Full width ' = 95 4+ 14 MeV
X(4260) DECAY MODES Fraction (I;/T) p (MeV/c)
J/¢7T+7T_ seen 976
J/ 7070 [dddd] seen 978
JIYKT K™ [dddd] seen 530
J/n [dddd] not seen 886
J/ 70 [dddd] not seen 999
J/ 77/ [dddd] not seen 569
J/ ata— a0 [dddd] not seen 939
J/nn [dddd] not seen 339
@D(25)7‘(’+ T [dddd] not seen 470
P(2S)n [dddd] not seen 167
Xcow [dddd] not seen 284
Xc1?Y [dddd] not seen 686
Xc27 [dddd] not seen 648
Xcl ata— a0 [dddd] not seen 571
X2 at o= 70 [dddd] not seen 524
¢W+ T [dddd] not seen 1999
DD not seen 1032
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¢(4415) [ceec]

16(UPCy =0—(1— )

Mass m = 4421 + 4 MeV
Full width ' = 62 + 20 MeV
[ee = 0.58 + 0.07 keV

¥(4415) DECAY MODES

p
Fraction (I';/T) Confidence level (MeV/c)

hadrons dominant -
(D° D~ 1) pon—res < 23 % 90% -~
D D3(2460) — D°D~ 7™ (10 +4 )% -
et e (9.4+3.2) x 106 2210
bb MESONS
T(1S) 16JPCY =0—1— )

Mass m = 9460.30 + 0.26 MeV (S = 3.3)
Full width ' = 54.02 4 1.25 keV
Moo = 1.340 £ 0.018 keV

T(1S) DECAY MODES

p
Fraction (I';/T) Confidence level (MeV/c)

-
ete™

ptp

7'(958) anything
J/¥(1S) anything
Xco anything
X1 anything
Xe2 anything
¥(2S) anything
pT

L

Kt K~

pp

nOnto—

d anything

HTTP://PDG.LBL.GOV

(2.60+0.10) % 4384
(2.384+0.11) % 4730
(2.48+0.05) % 4729

Hadronic decays
(2.9440.24) % -
(6.5 +0.7 ) x 10~4 4223
<5 x 1073 90% -
(2.3 £0.7 )x 1074 -
(3.4 +1.0 ) x10~4 -
(2.7 £0.9 ) x 10~4 -

<2 x 10~4 90% 4697
<5 x 104 90% 4728
<5 x 10~4 90% 4704
<5 x 10~4 90% 4636
< 1.84 x 1072 90% 4725

(2.86+0.28) x 10~° -
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7W+W_

7770 70

y7On

Gev.
ypp with 2<m,5 <3 GeV

y2hT2h™

v3hT3h™

y4hT 4h~

vyt KT K™

yornt2n~

v3rt3n~

y2rt2nT KT K™

yrt T~ pp

v T2 pp

Y2KT2K™

v1'(958)

TN

7o (980)

7 f}(1525)

~£,(1270)

~vn(1405)

’7f0(1500)

’7f0(1710)
vf(1710) — yKT K~
v f(1710) — ~7070
Vfo(1710) — ~vynn

~y 14(2050)

~ (2200

~ (2220

— ’yK+K_
— ’yK+K_
v£(2220) — 7T
v15(2220) — ~vpp
11(2225) — 799

v X

Y XX

vX — v+ > 4 prongs

— N N

invisible

Radiative decays

(6.3 +1.8 ) x 107> 4728
(1.7 £0.7 ) x 107> 4728
<24 x 106 90% 4713

(1.14+0.13) x 10~° -

<6 x 100 90% -
(7.0 +15 ) x 10~4 4720
(5.4 +£2.0 ) x 10~ 4 4703
(7.4 +£35 )x 104 4679
2.9 £0.9 )x 10~4 4686
(
(2.5 +0.9 ) x 1074 4720
(25 +1.2 ) x 1074 4703
(2.4 +12 )x 1074 4658
(1.5 +0.6 ) x 1074 4604
(4 +6 )x107° 4563
(2.0 +2.0 ) x 107> 4601
< 1.9 x 100 90% 4682
< 1.0 x 106 90% 4714
<3 x 102 90% 4679
1.2 _

(3.7 T17)x1070 4607
(1.0140.09) x 10~4 4644
<82 x 102 90% 4625
<15 x 107> 90% 4610
<26 x 10~4 90% 4573
<7 x 10~0 90% -
<14 x 10~0 90% -
<18 x 106 90% -
<53 x 1072 90% 4515
<2 x 104 90% 4475
< 8 x 107 90% 4469
<6 x 107 90% -
<11 x 10~0 90% -
<3 x 1073 90% 4469
[eeee] < 3 x 1072 90% -
(] < 1 x 1073 90% -
[gggg] < 1.78 x 10~4 95% -

Other decays
<25 x 1073 90% -

Xeo(1P) "

HTTP://PDG.LBL.GOV
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J needs confirmation.
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Mass m = 9859.44 4 0.42 4 0.31 MeV
P

xbo(lP) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
v T(1S) <6 % 90% 391
Xb1(1P) [hhhh] ,G(JPC) _ 0+(1 + +)
J needs confirmation.
Mass m = 9892.78 & 0.26 &+ 0.31 MeV
Xp1(1P) DECAY MODES Fraction (I';/T) p (MeV/c)
v T(1S) (35+8) % 423
sz(lp) [hhhh] ,G(JPC) _ 0+(2 + +)
J needs confirmation.
Mass m = 9912.21 4 0.26 4+ 0.31 MeV
Xxp2(1P) DECAY MODES Fraction (I;/T) p (MeV/c)
’yT(lS) (22+4) % 442

T(25) 16JPCY =0—1— )

Mass m = 10.02326 + 0.00031 GeV
Full width I = 31.98 + 2.63 keV
e = 0.612 & 0.011 keV
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Scale factor/ p
T(2S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
T(S)rt 7~ (188 + 0.6 ) % 475
T(18) 7070 (9.0 + 0.8 )% 480
Tt~ ( 2.00+ 0.21) % 4686
Wt ( 1.93+ 0.17) % S=22 5011
ete” ( 1.91+ 0.16) % 5012
T(18)n° < 11 x 1073 CL=90% 531
T(1S)n < 2 x 1073 CL=90% 126
J/1(1S) anything < 6 x 1073 CL=90% 4533
d anything (34 + 06 )x107° -
hadrons (94 +£11 )% -
Radiative decays
vXp1(1P) (6.9 + 04 )% 130
vYXp2(1P) ( 7.15+ 0.35) % 110
vXbo(1P) (38 +04)% 162
v 1(1710) < 59 x 104 CL=90% 4863
v} (1525) < 53 x 1074 CL=90% 4896
v f(1270) < 241 x 1074 CL=90% 4931
vnp(1S) < 5.1 x 1074 CL=90% 697
vX — v+ > 4 prongs [iii] < 1.95 x 1074 CL=95% -
Xb0(2P) [hhhh] ,G(JPC) _ 0+(0 + +)
J needs confirmation.
Mass m = 10.2325 + 0.0004 + 0.0005 GeV
Xpo(2P) DECAY MODES Fraction (I;/T) p (MeV/c)
v T(25) (4.6+2.1) % 207
v T(1S) (9 +6 )x1073 743
Xb1(2P) [hhhh] ,G(JPC) _ 0+(1 + +)
J needs confirmation.

Mass m = 10.25546 + 0.00022 + 0.00050 GeV
mXb1(2P) — mXbO(zp) =235+10 MeV
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P
Xp1(2P) DECAY MODES Fraction (I;/T) Scale factor (MeV/c)
w T(15) (1.6379:38) % 135
v T(25) 21 +4 )% 1.5 230
v T(1S) (85 +13)% 1.3 764
77 xp1(1P) (86 +£3.1)x10"3 238
xb2(2P) [hhhh] ,G(JPC) _ 0+(2 + +)
J needs confirmation.

Mass m = 10.26865 + 0.00022 + 0.00050 GeV
mXb2(2p) — mXb1(2P) =135+ 0.6 MeV

Xp2(2P) DECAY MODES Fraction (I';/T) p (MeV/c)

w T(15) (1.10733%) % 194

v T(25) (16.2 +£2.4 ) % 242

v T(1S) (71 £1.0)% 777

7 xp2(1P) (6.0 £2.1 )x 1073 229
T(3S) 1I6UPCY =017 )

Mass m = 10.3552 &£ 0.0005 GeV
Full width ' = 20.32 £ 1.85 keV
Mee = 0.443 + 0.008 keV
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Scale factor/ p
T(3S) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
T(2S)anything (10.6 +0.8 ) % 296
TRS)rTr~ (28 +0.6 )% S=22 177
T(25) 70 70 ( 2.0040.32) % 190
T(25)’y*y (50 £0.7 )% 327
T(1S)n™ ( 4.4840.21) % 813
T(1S) 70 ( 2.0640.28) % 816
T(1S)n < 22 x 1073 CL=90% 677
R ( 2.2940.30) % 4863
ut ™ ( 2.1840.21) % S=2.1 5177
ete™ seen 5178
Radiative decays
v Xb2(2P) (13.1 1.6 ) % S=3.4 86
vXp1(2P) (126 £1.2 )% S=2.4 99
v Xbo(2P) (59 +06 )% S=1.4 122
Yxbo(1P) (30 +1.1 )x 1073 484
ynp(2S) < 6.2 x 1074  CL=90% -
ynp(1S) < 43 x10~% CL=90% 1001
vX — ~y4 > 4 prongs Lij] < 2.2 x 1074  CL=95% -
T(4S)

16UPCy =0—(1— )

or T(10580)

Mass m = 10.5794 + 0.0012 GeV
Full width ' = 20.5 + 2.5 MeV
Mo = 0.272 + 0.029 keV (S = 1.5)

HTTP://PDG.LBL.GOV Page 124 Created: 7/18/2008 14:28



Citation: C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) (URL: http://pdg.Ibl.gov)

T(4S) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

BB > 96 % 95% 328
BT B~ (51.6 +0.6 ) % 334
+ ; 0 _
D_S anything + c.c. (18.3 £2.6 ) %
BORBO (48.4 +0.6 )% 328
I/ KS I/, 1) KS < 4 x 1077 90% -
non-B B < 4 % 95% -
ete™ ( 1.5740.08) x 10~ 5290
J/¥(1S) anything < 19 x 104 95% -
D*t anything + c.c. < 74 % 90% 5009
¢ anything (7.1 £06 )% 5240
on < 25 x 1070 90% 5226
T(1S) anything < 4 x 1073 90% 1053
T(1S)ntn™ (9.0 +15 )x 107> 1026
_ Tr@eS)nta- (88 £1.9 )x107> 468
d anything < 13 x 1072 90% -
T(10860) 1I6UPCY =0—(1— )
Mass m = 10.865 &+ 0.008 GeV (S = 1.1)
Full width ' = 110 + 13 MeV
[ee = 0.31 £ 0.07 keV (S = 1.3)
P
T(10860) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
ete” ( 2.8+ 07)x1070 5432
BBX (59 +14 )% -
BB < 138 % 90% 1280
BB* + c.c. (14 +£6 )% -
B* B* (44 £11 )% -
BBX) x < 197 % 90% -
BBrmw < 89 % 90% 441
() (=) o
B, ' B’ (X) (193 £ 29)% -
T1S)rt 7 ( 53+ 06)x103 1288
TQS)rt ( 78+ 13)x103 763
T@3S)rt 7~ (48T 19 )x103 416
T(1S)KT K~ ( 61+ 1.8)x10"% 933
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Inclusive Decays.

These decay modes are submodes of one or more of the decay modes

above.
¢ anything (138 T %17* ) % -
DO anything + c.c. (108 +8 )% -
Dy anything + c.c. (47 +£6 )% -
J/4 anything ( 2.06+ 0.21) % -
T(11020) 16FC =017 ")

Mass m = 11.019 4 0.008 GeV
Full width ' = 79 + 16 MeV
Mee = 0.130 + 0.030 keV

T(11020) DECAY MODES Fraction (I';/T') p (MeV/c)
ete™ (1.6+£0.5) x 10~ 5510
NOTES

[a] See the “Note on 7 — (* v~ and K* — ¢*v~ Form Factors” in the
7+ Particle Listings for definitions and details.
[b] Measurements of (et v, ) /I (1 v,) always include decays with s, and

measurements of '(e™ v¢y) and (11 1, 7) never include low-energy 7's.
Therefore, since no clean separation is possible, we consider the modes
with v's to be subreactions of the modes without them, and let [[(e™ v,)
+ r(:u+ Vu)]/rtotal = 100%.

[c] See the 7F Particle Listings for the energy limits used in this measure-
ment; low-energy ~'s are not included.

[d] Derived from an analysis of neutrino-oscillation experiments.

[e] Astrophysical and cosmological arguments give limits of order 10713; see
the 70 Particle Listings.

[f] Due to a new measurement in the average, this is 0.45 MeV larger than
the mass we gave in our 2002 edition, 547.30 + 0.12 MeV.

[g] Due to removing an old measurement from the average, this is 0.11 keV
larger than the width we gave in our 2002 edition, 1.18 4 0.11 keV. See
the [(27) data block in the Data Listings.

[h] C parity forbids this to occur as a single-photon process.

[/] See the “Note on scalar mesons” in the fy(1370) Particle Listings . The
interpretation of this entry as a particle is controversial.
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[/] See the “Note on p(770)" in the p(770) Particle Listings .

[k] The wp interference is then due to wp mixing only, and is expected to
be small. If ey universality holds, T(p® — ptpu~) =T(p° — etTe)
x 0.99785.

[/] See the “Note on scalar mesons” in the f3(1370) Particle Listings .

[m] See the “Note on a1(1260)" in the a;(1260) Particle Listings in PDG 06,
Journal of Physics, G 33 1 (2006).

[n] This is only an educated guess; the error given is larger than the error on
the average of the published values. See the Particle Listings for details.

[0] See the “Note on non-gg mesons” in the Particle Listings in PDG 06,
Journal of Physics, G 33 1 (2006).

[p] See the “Note on the 1(1405)" in the n(1405) Particle Listings.
[q] See the “Note on the f,(1420)" in the 1(1405) Particle Listings.
[r] See also the w(1650) Particle Listings.

[s] See the "Note on the p(1450) and the p(1700)" in the p(1700) Particle
Listings.

[t] See also the w(1420) Particle Listings.

[u] See the “Note on fp(1710)" in the fp(1710) Particle Listings in 2004
edition of Review of Particle Physics.

[v] See the note in the K* Particle Listings.

[w] The definition of the slope parameter g of the K — 37 Dalitz plot is as
follows (see also “Note on Dalitz Plot Parameters for K — 37 Decays”
in the K* Particle Listings):

}I\/I}2 =1+ g(s3 — so)/m72r+ + -

[x] For more details and definitions of parameters see the Particle Listings.

[y] Most of this radiative mode, the low-momentum ~ part, is also included
in the parent mode listed without v's.

[z] See the KT Particle Listings for the energy limits used in this measure-
ment.

[aa] Structure-dependent part.
[bb] Direct-emission branching fraction.
[cc] Violates angular-momentum conservation.
[dd] Derived from measured values of ¢ _, ¢qp, ‘n‘ ‘mKO — mK% , and
T )0, as described in the introduction to “Tests of Conservation Laws.”
s
[ee] The CP-violation parameters are defined as follows (see also “Note on

CP Violation in Kg — 37" and “Note on CP Violation in K(L) Decay”
in the Particle Listings):
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AKY — ata™)
A(K% — 7ta7)
‘ ‘ i A(K? - ) /
700 = |Noo|e" " = =€ = 2¢
A(K% — 7070)

5 _ NKY — 7 ¢ty) = T(KY - 7t )

NKY — 7= ¢tv) + T(KY — 7t v) ,

Ny— = }77+—‘ei¢+* = =c + ¢

I'(K%—> 7T+7T_7TO)CP viol.
F(K(L) — atr= a9
F(K% — 7T07T07T0)

MK — x07970) -

Im(14—0)° =

Im(1000)? =

where for the last two relations CPT is assumed valid, i.e., Re(n4_g) ~
0 and Re(nooo) ~ 0.

[ff] See the K% Particle Listings for the energy limits used in this measure-
ment.

[gg] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[hh] Re(€’ /e) = €/ /e to a very good approximation provided the phases satisfy
CPT invariance.

[ii] This mode includes gammas from inner bremsstrahlung but not the direct
emission mode K — 777~ ~(DE).
[i/] See the K(L) Particle Listings for the energy limits used in this measure-
ment.
[kk] Allowed by higher-order electroweak interactions.

[/l] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[mm] See the "Note on f,(1370)" in the f5(1370) Particle Listings and in the
1994 edition.

[nn] See the note in the L(1770) Particle Listings in Reviews of Modern
Physics 56 S1 (1984), p. S200. See also the “Note on K5(1770) and the
K>(1820)" in the K»(1770) Particle Listings .

[00] See the “Note on K5(1770) and the K»(1820)" in the K»(1770) Particle
Listings .

[pp] This result applies to 7% — ¢ decays only. Here ¢T is an average (not
asum) of e™ and p™ decays.
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[qqg] The branching fraction for this mode may differ from the sum of the
submodes that contribute to it, due to interference effects. See the
relevant papers in the Particle Listings.

[rr] These subfractions of the K~ ™ m™ mode are uncertain: see the Particle
Listings.

[ss] The two experiments measuring this fraction are in serious disagreement.
See the Particle Listings.

[tt] This is not a test for the AC=1 weak neutral current, but leads to the
7T et e final state.

[uu] This mode is not a useful test for a AC=1 weak neutral current because
both quarks must change flavor in this decay.

[vv] This value is obtained by subtracting the branching fractions for 2-, 4-
and 6-prongs from unity.

[ww] This is the sum of our K- 7t atn~, K~ atata—x0 KO2ntom—,
2t o= 270t 20 20, KT K~ 7wt 7, and KT K—nt 70, branching
fractions.

[xx] The branching fractions for the K~ eTv,, K*(892)  eT v, 7~ et v,
and p~ eT v, modes add up to 6.24 + 0.18 %.

[yy] This is a doubly Cabibbo-suppressed mode.

[zz] This branching fraction includes all the decay modes of the resonance in
the final state.

[aaa] The experiments on the division of this charge mode amongst its sub-
modes disagree, and the submode branching fractions here add up to
considerably more than the charged-mode fraction.

[bbb] However, these upper limits are in serious disagreement with values ob-
tained in another experiment.

[ccc] See the Particle Listings for the (complicated) definition of this quantity.
[ddd] This fraction includes 1 from 71’ decays.

[eee] For now, we average together measurements of the X e™ v, and X u™ Vi
branching fractions. This is the average, not the sum.

[fff] We decouple the D: — ¢mT branching fraction obtained from mass
projections (and used to get some of the other branching fractions) from
the D: — ¢mT, ¢ — KT K~ branching fraction obtained from the
Dalitz-plot analysis of D] — K+ K~ 7. That s, the ratio of these two

branching fractions is not exactly the ¢ — KT K~ branching fraction
0.491.

[ggg] This branching fraction includes all the decay modes of the final-state
resonance.
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[hhh] This comes from a K-matrix parametrization of the 7+ 7~ S-wave and
is a sum over the f3(980), f3(1300), 7(1200-1600), f;(1500), and
fo(1750). Not all of these correspond to particles in our Tables.

[iii] An ¢ indicates an e or a u mode, not a sum over these modes.

[ii/] An CP(41) indicates the CP=+1 and CP=—1 eigenstates of the D°-D°
system.

[kkk] D denotes D® or DY.
[/Il] D** represents an excited state with mass 2.2 < M < 2.8 GeV/c?.
[mmm}(3872) 7 is a hypothetical charged partner of the X(3872).

[nnn] ©(1710)* is a possible narrow pentaquark state and G(2220) is a
possible glueball resonance.

[000] (A p)s denotes a low-mass enhancement near 3.35 GeV/c2.
[ppp] Stands for the possible candidates of K*(1410), K{(1430) and
K35(1430).

[qqq] BO and Bg contributions not separated. Limit is on weighted average of
the two decay rates.

[rrr] This decay refers to the coherent sum of resonant and nonresonant JP
= 0" K components with 1.60 < my, < 2.15 GeV/c2.

[sss] ©(1540)™ denotes a possible narrow pentaquark state.
[ttt] These values are model dependent.
[uuu] Here “anything” means at least one particle observed.
[vwv] D** stands for the sum of the D(11P;), D(13Py), D(13P;), D(13P,),
D(21Sp), and D(21S;) resonances.
[WWW].(*)E(*) stands for the sum of D*D*, D*D, DD*, and DD.

[xxx] X(3945) denotes a near-threshold enhancement in the wJ/v¢ mass spec-
trum.

[yyy] Inclusive branching fractions have a multiplicity definition and can be
greater than 100%.

[zzz] D; represents an unresolved mixture of pseudoscalar and tensor D** (P-
wave) states.

[aaaa]lot a pure measurement. See note at head of Bg Decay Modes.
[bbbb]fjcludes pp7T 7~ v and excludes ppn, ppw, pp7 .

[cccc]l’PC known by production in eT e~ via single photon annihilation. 16
is not known; interpretation of this state as a single resonance is unclear
because of the expectation of substantial threshold effects in this energy
region.

[ddddffe COAN 06 for details.

[ecee] K = pseudoscalar with m < 7.2 GeV
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[fffF] X X = vectors with m < 3.1 GeV
(22225 GeV < mx < 5.0 GeV

[hhhh]fpectroscopic labeling for these states is theoretical, pending experimen-
tal information.

[iiii]] 1.5 GeV < mx < 5.0 GeV
[iij] 1.5 GeV < myx < 5.0 GeV
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